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LAFAYETTE BENEDICT MENDEL

With deep sorrow and a sense of irreparable loss the Journal

records the death, on December 9, 1935, of Lafayette Benedict

Mendel. His passing brings to a close the career of a distinguished

scientist, an inspiring teacher, and a wise counselor.

Born in Delhi, New York, February 6, 1872, Mendel graduated

from Yale in 1891. Two years later he received the Ph.D. d^ee
from the same University. During the years 1895 and 1896, he

continued his studies in physiology and ph^ological chemistry

under Rudolf Heidenhain at the University of Breslau, and
Eugene Baumann at the University of Freiburg.

For forty-three years Mendel was a member of the faculty of

Yale. Begmning as an assistant in 1892, he gained early recogni-

tion by his remarkable aptitude for teaching and his success in

research. In 1903 he was promoted to the rank of professor in

the Sheffield Scientific School. From 1921 until the time of his

death he served as Sterhng Professor of Physiological Chemistry

in Yale University. Although the author of more than three

hundred pubhcations, he is perhaps best known for his pioneer

investigations upon vitamins andprotein deficiencies. In collab-

oration with the late T. B. Osborne, Mendel was the first to

demonstrate the nutritive significance of several dietary essentials.

Many of his papers upon food “accessory factors” and the relation

of amino acids to niamtenance and growth are classics in the

htereture of nutrition.

Mendel was deeply mterested in the Journal throu^out the

thirty years of its existence. He was a member of its first board

of collaborators. In 1911, he became one of its editors, and con-

tinued in this capacity until his death. During this long period

he gave generoudy of his time and energy in promoting the welfare

of the Journal. His keen intellect and mature judgment rendered

liim an unusually valuable counselor. In no small measure was

he responsible for the present status of the Journal as a successful



and enduring enterprise. His loyal and devoted labor m its

behalf will not be forgotten.

As a man, Mendel possessed a personality of rare eharni. He
liked people, and his relation with them was characterized by a

quiet dignity, courteous manner, and friendly interest. In the

presence of his intimate friends he instinctively became the

gracious host, entertaining those about him with his clever con-

versation and delightful humor. These personal attributes, to-

gether with his remarkable abihty to impart to others the knowl-

edge which he himself possessed, were responsible for his unusual

versatility and resourcefulness as a teacher Eare, indeed, are the

men who have succeeded as he in firing the enthusiasm and inspir-

ing the devotion of students. Because of these traits Mendel

attracted to his laboratory, year after year, an unusually large

group of young men and women. With kindly S3mipathy and

understanding, and \vith infinite patience and tact he framed them
in his and their chosen field of endeavor, and sent them out imbued

with the ideals which he possessed and by which he lived. No
wonder that many of his students of two or more decades ago still

refer to him affectionately as ^‘The Professor.^' On the occasion

of the celebration of ]\IendePs sixtieth birthday, the late Graham
Lusk said of him: “He has been the guide, philosopher, and friend

to many young men and Tvomen; he has encouraged them to walk

by themselves when they were able to stand alone; and he has

given them wise counsel in times of difficulty. Herein he has

shown himself as one of the great teachers of his time.^’



THE SERUM CALCIUM RESPONSE TO INGESTED
CALCIUM

By S. freeman, E. R KANT, and A. C. IVY

(Fro}?i the Department of Physiology and Pharmacology^ Northwestern XJni^

versify Medical School^ Chicago)

(Received for publication, August 5, 1935)

Numerous studies have been made upon the serum calcium

response following the ingestion of various calcium compounds*

Kahn and Roe (1) reported large rises (80 per cent) in serum

calcium following mgestion of 5 to 20 gm. of calcium lactate by
fasting subjects. Bauer and Ropes (2) were unable to obtain such,

large rises, using 5 and 10 gm. doses of calcium lactate in normal

human bemgs; they obtained an average maximal elevation of

8 per cent for the smaller dose and 14 per cent for the larger one.

Liebermann (3) studied the absorption of calcium gluconate in

human beings and found that 10 gm. doses produced an average

maximal elevation of whole blood calcium in ten subjects from an

onginal level around 12 mg. to 16.2mg of CaO per 100 cc. Green-

berg and Gunther (4) studied the influence of calcium lactate,

gluconate, chloride, and acetate upon the serum calcium level of

dogs. They concluded that these salts were all equally efficacious

in raising the serum calcium and that the magnitude of elevation

was proportional to the dosage of calcium. They do not state the

definite dosage per kilo ofbody weight used in obtaining these data.

The present study, involving approximately 700 calcium deter-

minations, was made upon normal adult persons and dogs and the

study was primarily intended to answer two questions: (1) What
effect, if any, does the daily mgestion of considerable doses of cal-

cium have upon the serum calcium response to a given dose of

xcalcium? (2) What is the relationship beUveen serum calcium

r^onse and the dosage of calcium? Calcium chloride, gluconate,

aifeactate were used, and some comparative data were obtamed

on salts. The dosage of calcium chloride given human sub-

1

HES JOXniKAI. OP BXOLOaiGAL GHEUIBTBT, VOL 112 , 3fO 1



2 Effect of Ca Ingestion on Serum Ca

jects was intentionally low because of the nauseating and irritating

effects of large doses; also, because large doses are not frequently

employed therapeutically for any length of time.

EXPERIMENTAL

Effect of Daily Ingestion of Calcium Chhnde upon Serum Calcium

Response to a Given Dose of This Compound—It is generally con-

ceded that the maximum serum response to peroral calcium occurs

from 2 to 4 hours after ingestion (2-5). Kahn and Eoe obtamed a

maximum elevation 4 to 7 hours after feedmg calcium lactate

Our own experience on human subjects and dogs indicates that

the maximal elevation of serum calcium occurs approximately 2

hours following administration of a calcium solution. The fol-

lowing results verify this point. (1) The average values on four

human subjects given 2,3 gm. of calcium chloride orally are as

follows:

mg per 100 cc

Initial serum calcium level*. . . . 11 1

Serum calcium concentration 2 hrs. later 11 8
ti ti if ^ tt ti

^ ^ ^ , 11 5

(2) The following are average serum calcium results on three dogs

bled at hourly intervals after being fed 0,06 gm of calcium chloride

per kilo of body weight by stomach tube.

Serum Calaumj Mg. per 100 Cc.

Xmtial Ihr 2 hrs 3 hrs i hrs 5 hrs

10 6 11 5 12 1 11 6 11 3 11 0

As the maximal elevation was of primary interest, we made only

two calcium determinations on each subject in the following series,

before ingestion of 2.3 gm. of calcium chloride dissolved in 100 cc.

of water and 2 hours after calcium ingestion. The eleven persons

were all normal, each of an average weight of approximately 70

kilos, and in a fasting state when the determinations were made

* All calcium determinations were carried out in duplicate by the Clark-

Collip procedure (6), Ko results are mcluded in this paper whose dupli-

cate determinations did not give titration values agreeing within 0 04 cc.,

and with very few exceptions the duplicates checked within 0.02 cc. of one

another.
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The same people continued daily ingestion of 2.3 gm, of calcium

chloride for 1 month. The daily dose of calcium was taken in two
portions, one before breakfast and the other before the evening

meal. At the end of the month the serum calcium elevation was
again determined following oral ingestion of 2.3 gm. of calcium

chloride. The results are practically identical with those recorded

for the same persons after one dose of calcium chloride and show
neither a significant change m the initial calcium level nor in the

magnitude of response to the dosage of calcium employed (Table I).

Effect ofDosage and Anton upon Serum Calcium Elevaiton FoUouh

tng Oral Administration of Calcium Salts to Six Normal Adult

Dogs—Calcium lactate and gluconate w'ere fed at the following

Table I

Effect of Single Dose of Gm, of Calcium Chloride on Serum Calcium

before and after f Month's Dailg Ingestion of B S Gm.

Before period of daily
mseetioa

After period of daily
ingestion

Initial
2hrs afteo'

mgestion
2 bra after
ingestion

Serum Ca, mg, per 100 cc . 11 0 11 6 10 8 11 4

'Standard deviation, mg rfcO 38 ±0 45 ±0 46 ±0 30

Coefficient of variation 3 3 3 9 1 4 2
1

2 6

Maximum variation, mg
|

4
%

-0 8 -0 8 -0 7
I

-0 4

to +0 4 to -{-0 9 to +0 3 to +0 6

levels of calcium administration per kilo of body weight; 0.05, 0.10,

0.15, 0 20, and 0.25 gm. Calcium chloride was administered in the

following dosages: 0.05, 0.085, 0.10, and 0.15 gm.; larger doses of

this salt were not included because of vomiting, which occurs much
more frequently than at the higher levels of administration of the

other twro salts. The same six dogs, varying m weight from 12 to

22 kilos, were used for all of this series of experiments and were

maintamed on a uniform adequate diet for 2 months before and

during the experiments. The animals were ahvays in a fasting

sfate when used. The serum calcium response was determined

2 hours after feeding. The dosage of calcium was alw^ays com-

pletely dissolved in 200 ce. of water and was fed by means of a

stomach tube. The results of this study are summarized in Chart I
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in which the average serum calcium elevation for the six dogs is

plotted against the level of calcium administration. The results

show a progressive calcium increase as the dosage of calcium was
elevated.

Calcium chloride and gluconate were also studied in another

series of ten dogs The dosage of calcium in this series was 0.05

gm. of calcium per kilo of body weight. The average senim cal-

cium rise produced by each compound is given beloAv. Calcium

determinations were made before and 2, 4, and 6 hours after

calcium administration.

Serum Calcium^ Mg per 100 Cc.

2hr8 4hrs Chrs

Calcium chloride 1 0 0 44 0 IS
** gluconate 0 8 0 70 0 45

The rise obtained at the end of 2 hours Ls in good agreement, for

both salts, with that obtained with the same salt and dosage in the

series recordedm Chart I Calcium chloride produces a somewhat

greater maximal elevation of the serum calcium, but the duration

of the elevation is greater for calcium gluconate.

The average serum calcium rise was also determmed on four

normal human subjects following mgestion, without breakfast, of

10 gm. of calcium gluconate dissolved in 200 cc. of water. The

subjects were bled before and 2 and 4 hours after calcium ingestion.

Average results, m mg. per 100 cc., are given below.

Initial

After c^cium ingestion

2 hrs 4}irs

10 5 11 0 10 7

These results show a serum calcium rise which is practically

identical with that observed with a similar dosage of calcium

chloride. The calcium dosage as calcium gluconate was 0.93 gm.

and for calcium as calcium chloride had been 0.85 gm. The sub-

jects fed calcium gluconate had also been used in the calcium

chloride senes.
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BISCTJ^SION

The results obtained upon human subjects show a slight but

reasonably constant elevation of the serum calcium after mgestion

of moderate doses of calcium chloride or gluconate. The doses of

calcium which are given therapeutically probably produce no

elevation of an initially normal serum calcium Our results are in

accord with the findings of Bauer and Eopes (2) as to the magni-

tude of serum calcium increase rather than with those obtamed

by Kahn and Roe (1) with calcium lactate or by Liebermann (3)

with calcium gluconate. Either the daily ingestion of calcium

chloride did not affect the saturation of the body tissues with

calcium or else the repletion of the bone trabeculse with calcium

has no influence upon the serum calcium response to ingested

calcium.

The serum calcium response of normal fasting dogs can be pre-

dicted with a fair degree of accuracy if the dosage of calcium is

known. Twenty determmations of the serum calcium elevation in

normal dogs 2 hours after ingestion of 0.05 gm. of calcium as cal-

cium chloride showed an average rise of 1.02 mg. per 100 cc of

serum; this value is in good agreement with the average obtained

with this dose and compound included in Chart I. The average

serum calcium rise obtained by Hjort (5) (who fed 0.19 gm. of

calcium per kilo of body weight to dogs) 2 hours after calcium ad-

ministration was 3.0 mg. per 100 cc. of serum. In Chart I our

result after feeding 0.2 gm. of calcium as calcium lactate was an

average rise of 3 3 mg. per 100 cc. Our data cannot be compared

quantitatively with those given in Chart 6 of Greenberg and Gun-
ther (4), as these workers do not express the dose of calcium m
terms of body weight.

Hematocrit determinations, which were obtamed along with the

data shown in Chart I, indicate some dilution of the blood for the

lower dosages of calcium, but, when the dose was 015 gm. per kilo

or greater, there was no dilution of the blood and in many instances

an actual concentration w^as indicated. The higher doses of cal-

cium frequently produce diarrhea, 'which may not become apparent

for several hours after calcium admmistration It is possible that

the higher dosages of calcium produce a part of their serum cal-

cium increase by concentration of the blood.

Both calcium lactate and gluconate seemed well tolerated by
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dogs; probably the latter was somewhat less irritating as judged by

the frequency of diarrhea and the dosage level at which it occurred*

The human subjects, with one exception, tolerated the daily doss^e

of calcium chloride without adverse manifestations.

SUMMARY

Daily ingestion of 2.3 gm. of calcium chloride for 1 month did not

influence the senim calcium response of eleven normal adults to

this amount of calcium. The serum calcium elevation 2 hours

after administration to normal fasting persons of 2 3 gm, of cal-

cium chloride or 10 gm. of calcium gluconate was between 5 and 6

per cent The dosage of calcium influences the serum calcium

response in fasted normal dogs over a range of calcium intake vary-

ing from 0 05 to 0.25 gm. of calcium per kilo of body weight.

Calcium chloride produced a greater maximal serum calcium rise

in ten normal dogs than did the corresponding dose of calcium

gluconate, but the latter compound maintained a greater serum

calcium rise 4 and 6 hours after ingestion.

BIBLIOGRAPHY

1 Kahn, B, S
,
and Roe, J. H,, J Am, Med, Assn

,
86, 1761 (1926).

2 Bauer, W
,
and Ropes, M. W

,
Am Med Assn , 87, 1902 (1926)

3 Liebermann, A
,
/. Pharmacol and Exp Therap,^ 43, 139 (1931)

4. Greenberg, D. M,, and Gunther, L
,
Arch, Int, ilfcd,, 60, 855 (1932)

5 Hjort, AM,/, Biol Chem
, 66, 783 (1925).

6 Clark, E. P., and Collip, J. B
,
/, Biol Chcm

, 63, 461 (1925).





A STUDY OF EQDILIN PREPARED FROM PREGNANT
MARE URINE

By GEORGE F. CARTLAND and ROLAND K. MEYER
{From the Research Laboratories, The Upjohn Company, Kalamazoo)

(Received for publication, August 9, 1935)

Girard and coworkers (1) have reported that the ciystalline

theelin fraction obtained from the urine of the pregnant mare con-

sists of a mixture of closely related substances which are separated

with great difficulty. In addition to theelin, these workers have

isolated and described three other estrogenic substances, namely:

equilin, equilenin, and hipjyilm. From 7 tons of mare urine they

isolated 100 mg. of equilin, m. p. 238-240^ (corrected); [ccji®
—

4-308® in dioxane; the benzoate, m. p. 195® (corrected). They
report that equilin by the adult spayed rat method shows an

estrogenic activity approximately one-seventh as great as theelin.

Da\ud and de Jongh (2) have recently reported that their

preparations of equilin are one-third more active than theelin

when tested by the spayed rat method. Dirscherl and Hanusch

(3) have reported that equilm, which they obtained from Girard,

assayed approximately equal to theelin when tested on spayed

mice. These latter results are in marked disagreement with the

relatively low biological activity reported by Girard.

We have prepared from mare urine a crystalline fraction which

apparently is identical with the equihn described by Girard

XJsmg late pregnancy urine, we have been able to obtain relatively

much higher yields than those reported by Girard et al (1), thus

making possible a further study of this fraction without the neces-

sity of workmg up prohibitive quantities of mare unne.

Preparation of Equilin—24 gallons of mare unne collected durmg

the last 2 months of pregnancy were acidified to Congo red with

H2SO4 and extracted twice with 0 5 volume of butyl alcohol. The

combined butyl alcohol extracts were washed with 2 per cent

Na2C03 and water. Further fractionation was earned out by the

9
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method of Butenandt (4) with the modification that at his stage

‘^Hormoncharge crystallization from alcohol was substituted

in place of high vacuum distillation. A crude crystalline material

w'as obtained which after one recrystaDization from ethyl alcohol

weighed 494 mg.; m. p. 211-216® (corrected). This crystalline

material contains equilin, theelin, and probably other closely

related crystalline substances. Its recrystallization is sum-

marized in Table I.

Five recrystallizations from ethyl alcohol yielded 59 mg. of a

crystalline fraction, m. p. 236.5-238® (corrected); [a] = -1-315®

(in alcohol); [a]f = +306® (in dioxane) ;
the benzoate, m.p. 196-

197® (corrected). This material is apparently identical with the

equilin described by Girard (1) . At each stage of purification listed

Table I

Fractionation of Crystalline Material to Yield Egmlin

No of
crystallizatioDS

!

i
Weight of

fraction
M p , corrected [a]^ in alcohol

Chromogenic
equivalent in

terms of theelin

mg degrees per cent

1 494 211 -225 80

2 343 216 -223 +256 55

3 119 225 -228 +280 33

4 77 231 -234 +303 18

5 59 236 5-238 +315 15

in Table I, colorimetric assays were made by a method previously

described (5) and the chromogenic values expressed as per cent of

international standard theelin. The more purified equilin frac-

tions showed low chromogenic values, and the consequently larger

samples required for comparison against 0.005 mg. of standard

theelin produced a 3"ellow discoloration, making necessary the

reading of the solutions m a Lovibond tintometer.

It will be noted from Table I that the purification of the equilin

fraction is accomplished by the progressive removal of theehn as

determined colorimetrically. This is supported by the fact that

crystalline theelin, m. p. 259-260® (corrected), was isolated from

the mother liquors. Smce the colorimetnc value of 15 per cent

theelin obtained after five recrystallizations showed no proof of

being stabilized, the results are suggestive of the possibility that
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the chromogeruc activity of equilin may be due to theelm

contamination.

In order to study this possibility an additional 60 mg. of equilin

were prepared by reworking the mother liquors from the previous

fractionation, thus making available 100 mg. for further purifica-

tion. The usual methods for separating theelm. from theelol,

based upon their differential solubilities m dilute alcohol and
benzene and in different strengths of alkali, were ineffective in

accomplishing any appreciable separation of theelin from equilin.

Also, our experience with acetone and ethyl acetate as solvents for

recrystallizing equilin was less satisfactory than nith alcohol.

Consequently, the recrystallization of the combined equilin frac-

TABin II

Furiker SecrystalhzcUion of Equilin

No of

crystallizations
Weight of
fraction

M p i corrected
[ctl® m ethyl

dcohol

1

Chromogemc
;

equivalent in
terms of theelm

mg "C degrees percent

100 232-237 310 17

1 235-237 14

2 237-239 12

3 237-239 318 11

4 38 237-239 324 10

5 28 238-240 331* 9

6 1 20 238-240 11

*
t«l“6i = +397“ in ethyl alcohol

tions was earned out with ethyl alcohol. The quantitative

manipulation of these small amounts of material wasmade possible

by crystalhzing in 15 cc. Pyrex centnfuge tubes and using Jena

fntted glass filter sticks for all filtrations. The results are given

in Table II.

The results given in Table II mdicate that a further purification

of equilin has been accomplished by the removal of theelm con-

tamination, as determined colonmetrically. The final product

described in Table II was analyzed by microcombustion.

Analysis—CisHsoOi. Calculated. C 80.55, H 7 52

Found. “ 80 51, “ 7.76

Biological assay in spayed rats by a method based on that of

Kahnt and Doisy (6) and mjection of both equilm and inter-
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national standard theelin in aqueous 10 per cent alcohol containing

0,6 per cent Na2C03 into parallel groups of rats gave the following

values: for equilin, 1 rat unit = 0.00087 mg.; for standard theelin,

I rat unit = 0.00077 mg.; calculated, equilin contains 8850 inter-

national units per mg.

The chromogenic activity showed no sigmficant change dunng

the last four recrystallizations, which would indicate that the

residual chromogenic activity is a property of equilin itself and is

not due to the presence of approximately 10 per cent of theelin.

It would have been desirable to recrystalhze from different solvents

at this point; how^ever, the amount of matenal was too small to

permit this procedure satisfactorily. Consequently, further

information regarding the significance of the residual chromogenic

activity of the purified equihn -was obtained as follows:

The mother liquors from the cr3’^talline fractions listed in Table

II were submitted to a great number of recrystallizations, jrieldmg

23 mg. of equilm, m. p 238-240° (corrected), [a]^ = +325° in

ethyl alcohol; theelin equivalent (colorimetric) 12 per cent A
mixed melting point with the final equilin fraction described in

Table II was not depressed. Consequently 21 mg of the former

and 8 mg. of the latter were joined, making 29 mg of equilin of a

purity equal to the final product described in Table II. Injected

m aqueous 10 per cent alcohol containing 0 5 per cent Na2C03 a

value of 7120 international units per mg w^as obtained.

This combined specimen of equilin was crystallized from alcohol,

yielding three fractions, and each fraction was assayed biologically

(6) and colonmetrically (5) with the following results:

6 mg of Crop 1 Biological assay, 7000 international units per mg.
Chromogenic equivalent, 12 per cent theelin.

12 mg of Crop 2 Biological assay, 7400 international units per mg
Chromogenic equivalent, 11 per cent theelin

10 mg. of mother liquor Biological assay, 7700 international units per

mg Chromogenic equivalent, 11 per cent theelm

Crop 2, obtained in this final fractionation, consisted of large

crystals from which a single crystal weighing 0.617 mg. was iso-

lated. Measurement of its principal angles gave values agreeing

closely with those given by Girard (1) for his equilin. This cryst^

was weighed on the microbalance and dissolved in alcohol for

biological and colorimetric assay. Biological assay, 7000 inter-
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national units per mg. Cbromogenic equivalent, 12 per cent

theelin.

All of these final fractions, including the single isolated crystal,

give, by colorunetnc and biological assay, values which agree

closely with those obtained for the punfied equilin fraction ob-

tained as described in Table II. This indicates that these speci-

mens of equilin are pure and that the residual chromogenic value

equivalent to approximately 11 per cent of theehn is a property of

equilin itself and is not due to theelin contamination.

In all of the biological assays reported above equilin and the

international standard theehn were injectedm aqueous 10 per cent

alcohol containmg 0.5 per cent NsaCOs The results indicate that

equilin is approximately 75 per cent as active as theehn in the

spayed rat. On the other hand, by the colorimetric assay (5)

equilin is only approximately 11 per cent as active as theelin.

Thus, the colorimetnc method is not very satisfactory for assaying

equilin because of the discoloration produced by the relatively

large samples required to give a red color equivalent to 0.005 mg.

of theelm.

In a series of expenments in which equilin ivas injected in

aqueous 10 per cent alcohol without the addition of 0 5 per cent

NasCOs, it was found that equilin is less than half as active as

when admimstered in a similar solution containing 0.5 per cent

NaiCOa In this case a potency of 3000 international units per

mg. -was observed. The international standard theelin was

injected, with the same solvent. This activity, equivalent to 30

per cent of that of standard theelin, approaches the low actmty

reported for equilin by Girard et al. (1). The higher potency,

equivalent to 75 per cent of that of standard theelin, which we
observed when equilin was mjected in a solution containing 0.5

per cent NaaCOs, closely approximates the high biological potency

observed by Dirscherl and Hanusch (3)

SUMMABT

From pregnant mare unne, equilin has been prepared which is

apparently identical with that desenbed by Girard (1).

Further purification of this material has accomplished the re-

moval of a small amount of theehn which resulted in the isolation

of equilin having a slightly higher specific rotation than that re-
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ported by Girard, Evidence for purity is offered by comparative

studies on a single isolated crystal of equilm.

Biological assays in spayed rats by a method based on that of

Kahnt and Doisy (6) show that equihn is approximately 76 per

cent as active as standard theelin when injected in aqueous 10 per

cent alcohol contaimng 0.6 per cent Na2C03 . When injected

without the addition of 0 5 per cent Na2C03,
equilin is approxi-

mately 30 per cent as active as standard theelin.

By a colorimetric method of assay (6) equilin is approximately

11 per cent as active as standard theehn.

We wish to thank Mr. Harold Emerson for the analyses by
microcombustion.
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In a former paper (1) it was demonstrated that the excretion of

acetone bodies in the urine of fasting rats was identical after the

feeding of isomolecular quantities of butyric and caproic acids

with that after diacetic acid was administered. Caprylic acid

gave rise to a greater output of ketone bodies than diacetic acid,

which would seem to indicate that a certain amount of B oxidation

takes place On the other hand, the odd carbon-chained fatty

acids, propionic, valeric, and heptoic acids,^ produced only mini-

mum quantities of acetone bodies in the urine. Therefore, a oxida-

tion could not have occurred when valeric or heptoic acid was

administered or acetone bodies would have originated thereby.

In view of the fact that the breakdown of the even chained fatty

acids into acetone bodies has been found to be a quantitative one,

it is of interest to determine whether jS oxidation occurs with

the fatty acids havmg an odd number of carbon atoms, as well as

whether such a change is a quantitative one. The fact that the

fatty acids with an odd number of carbon atoms do not give rise

to acetone bodies m appreciable amounts does not necessarily

prove jS oxidation, although one may draw such inferential deduc-

tions from the data

* A preliminary report of this work has been published (Deuel, H J., Jr
,

Butts, J. S., and Hallman, L
,
Proc. Soc Exp BioL and Med

,
32, 1351

(1935)),

^ We have since demonstrated that nonyhc (pelargonic) acid is incapable

of giving rise to acetone bodies in rats.

15
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Emger (2) first noted that propionic acid was quantitatively

converted to glucose in a phlorhizinized dog. In later work (3)

he demonstrated that valeric acid also caused the excretion of

^^extra^* sugar, although the results were not quantitative. Small

increases were also shown in the glucose elimination after the

administration of heptoic acid, while butyric and caproic acids as

well as formic acid gave negative results. Deuel and Milhorat

(4) demonstrated that acetic acid was not convertible to glucose

in phlorhizmized do^. Pollack (5) found an increase in blood

>sugar of fasted rabbits after the intravenous injection of the

sodium salts of propionic and valeric acids but not after the salts

of acetic, butyric, acetoacetic, or n-caproic acids. The fact that

negative results on blood glucose were obtained after the feeding

of the even chained fatty acids while positive ones were found only

WTLth the odd chained compounds is good proof that the hyper-

glycemia did not arise because of glycogenolysis.

On the other hand, Eckstein (6) was able to demonstrate only a

small formation of glycogen after the administration of sodium

propionate to fasting rats, while the results on valeric acid, sodium

valerate, sodium butyrate, and sodium caproate were entirely

negative

EXPEEIMBNTAL

General Procedure

Male and female rats from our stock colony of 75 to 120 days of

age were used The animals were fasted 48 hours, at which tune

the substance to be tested was fed by stomach tube. The lower

fatty acids were administered as the sodium salts m a dose of

0.173 mole, equivalent to 10 gm. of acetone per sq m. of body
surface. Oleic acid was fed in a similar molar concentration as the

free acid. Tributyrin and trivalerin were given in amounts of

19.5 and 22 2 gm. per sq.ni
,
respectively, which gives an equiva-

lent molar concentration of possible tnose molecules (1 from

glycerol and 3 from the fatty acids) as employed in the above tests.

In the control experiments a similar dose of hydrolyzed tributyi‘in

or glycerol as contained in the earlier tests was employed.

The animals were killed at several periods after the administra-

tion of the fatty acids. Am3rtal was used as an anesthetic. The
technique for glycogen and fat determinations on the liver is
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described elsewhere (7). The degree of absorption was deter-

mined by washing the small intestine and stomach, which had been
removed intact, with water heated to 76° under sufficient pressure

so that the intestmes were dilated About 50 to 60 cc, were used

each time. After acidification of the washings with HjSOi, the

solution was extracted four times with ether. The ether was
evaporated from the extracted fat and the residue allowed to dry

in a warm oven for several days. It was then transferred by
dissolving in ether to weighed flasks and the fatty residue deter-

mined after removal of the solvent. That oleic acid and Wesson

Table I

Recovery of Fat from Water Suspension and from Intact Gastrointestinal

Tract

Substance Procedure Amount
used

Amount
recovetred

gm gm par cent

Oleic acid Recovery from water suspension* 0 894 0 842 94

0 848 95
t( tt tt (C

^ 0 894 0 910 102

0 870 97
** after introduction into 0 894 0 868 97

gastrointestinal tractt 0 877 98

Wesson oil Recovery from water suspension* 0 920 0 881 96

0 852 93

* Pipette used.

t Material measured with a 1 cc. tuberculin syringe

oil could be satisfactorily recovered by this procedure from the

gastrointestinal tract is indicated in Table I.

The fatty acids used in these tests were Eastman products, the

purity of which was established by titration ® The purity of the

tributyrin and trivalerin was ascertained by the saponification

number.

2 Great difficulty was experienced in securing a satisfactory sample of

valeric acid. The Eastman product showed only 78 per cent valeric acid

equivalent by titration, but after several refractionations this value was

increased to 92 per cent. We wish to express our thanks to Professor

M. S, Dunn, of the University of California at Los Angeles, for the

fractionations.
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In the experiments in which ^ycogen formation is evident, the

significance of the averages is ascertained by calculation of the

ratio between the mean difference and the probable error of mean
difference. When this exceeds 3, the results are considered

significant.

Results

The summary of the results for liver glycogen and fat of male
rats 6 to 7 hours after receiving 0.173 mole of various fatty acids

as sodium salts is given in Table II.

Table II

Liver Glycogen of Fasting Male Bats 6 to 7 Hours after AdmimstraHon of
Sodium Salts of Fatty Acids in Doses of 0.173 Mole

Fatty acid fed (as Na salt)
No of 1

rats

i

Aver-
age

weight

Liver glycogen

Liver
fat

Mean
un Above

1

con-
trol

PE (m D

gm per cent per cent per cent

Controls 19 216 0 23 3 80t
Odd chained

Propionic 9 229 1 36 8 70 88 4 43
Valeric 20 205 0 67 10 00 100 3 98t
Heptoic. .. ... 10 168 1 02 17 95 100

Nonjdic. 10 173 0 83 7 80 100
Even chained

Diacetic 10 220 0 18 4 52
Butyric . . . . 9 217 0 30 3 98
Caproic . . 10 244 0 16 4 73
Caprylic

i

174 0 23

* Katio of mean deviation to probable error of mean deviation from
control.

f Experiments on only ten animals.

In Table III are recorded the average results after the adminis-
tration of tributyrin, trivalerin, Wesson oil, oleic acid, and the
hydrolytic products of tributyrin.

DISCtrSSION

The data recorded here indicate that a profound difference

exists in the glycogenic ability of odd and even chained fatty
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acids. When isomolecular amounts of fatty acids belonging to

the former category were fed, such as propionic, valeric, heptoic,

and nonyhc acids, significant amounts of glycogen were deposited

in the liver; after the administration of similar quantities of the

Table III

Ltver Glycogen of Female Rats Premously Fasted 48 Hours at Yanous Periods

after Administration of Various Fats and Their Derivatives

0)

g3
Liv«r glycogen

Fat in gaatro-
intcstir^ tract

Substance fed
ti
o $s
&

g s M D 1
I

o O
1

P B (M D )*

1Q < Izj < <4

7ng

kra gm per
cent

mg per
cent

aq cm

Control 26 162

Tributyrin 195 8 13 177 1 22 19 64

Tnvalerm 222 8 10 157 1 85 isost 12 8 (3) 99 5

Wesson oil 196 8 10 183 0 05 12 3 (5) 98 6
tt tt

761 8 10 153 261 9 (3) 86 4

Oleic acid 786 8 10 147 0 20 657 4 (4)
tt it

786 17 10 155 0 18 807 6 (8)

Glycerol 1

Sodium butyrate/
Hydrolyzed tribu-

59

170
8 10 175 0 41

i

7 39

tyrin. 195t 8 10 159 7 95

Glycerol.

.

59 8 10 177 2 82
tt 69 4 10 148 0 65

* Ratio of mean deviation to probable error of mean deviation from

control

t The ratio of m n to p b. of m o between tributyrin and trivalerin

animals is 5 73

X Dosage calculated on the basis of the original tributyrin.

acids of the second class, as diacetic, butyric, caproic, and caprylic

acids, no rise in liver glycogen above the control level was noted

The formation of glycogen from the fatty acids with an odd

number of carbon atoms is proof that the process of oxidation

applies to such acids. The simplest conception is that the fatty

acids with 5, 7, or 9 carbon atoms must be degraded to propionic

acid which serves as a building stone for glucose or glycogen.
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That such a change is approximately a quantitative one is indi-

cated by the fact that the amount of glycogen deposited falls

within the same range in all cases. Although it was possible to

demonstrate that the jS oxidation occurred quantitatively in the

change of the even chained fatty acids to the acetone bodies, it is

more difficult to state that the transformation of the odd chamed
ones into glycogen takes place with as much exactness. One may
conclude, however, that P oxidation occurs with such acids and
that such a breakdown appears to be approximately a quantitative

one.

The findings of Eckstem (6) on glycogenesis with valeric acid

and his low results on propionic acid may possibly be due to the

short interval which he allowed between the time of feedmg and
killing the rats. In the tests on valeric acid only 3 hours were
allowed to elapse, while the glycogen deterimnations in our experi-

ments were made following an interval of 6 to 7 hours. That a
longer interval may be necessary for the formation of glycogen after

the longer chamed fatty acids than after propionic acid is mdicated
by some unpublished experiments in which it was noted that a
rise in liver glycogen had already occurred 2 hours after propionic

acid, while it was not detected until 4 hours after heptoic acid. A
second factor which might be responsible for some of the negative

findings of Eckstem is the size of the dose employed. Shapiro (8)

noted that, while the mtroduction of lactic acid in a concentration

of 1 mg. per sq.cm, was very satisfactory for glycogenesis, the
administration of 3 mg. per sq.cm, was definitely toxic and no
glycogen synthesis was noted. In some of our experiments, also

unpubhshed, it w^as found that glycogenesis could not be demon-
strated consistently when the doses of the acids were mcreased
from 1 to 1 5 mg. per sq.cm, of body surface (calculated as ace-

tone). It IS probable that 800 mg. of valeric acid which Eckstein
employed in some cases would be toxic At the level of 1 mg. per
sq cm. used by us a 150 gm, rat would receive only 450 mg. of
valeric acid

Further confirmation of the glycogenic ability of the odd chained
fatty acids is afforded by the higher glycogen formation after

trivalenn than was obtained after tributyrin. In the former case,

the mean glycogen level amounted to 1 85 per cent as compared
to one of 1 22 per cent after tributyrin
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The high level of glycogen formation after tributyrin as com-
pared with a control value of 0.10 per cent is difficult to explain.

Shapiro (8) obtamed a level of 1.91 per cent of liver glycogen 4

hours after feeding glycerol in approximately* 5 times the dose

given as a constituent of the neutral fat here. With amounts of

glycerol (0 59 mg per sq cm ) comparable to those employed in

the present tests, the glycogen deposition after 8 hours was only

0.36 per cent, but after only 4 hours it amounted to 0.65 per cent;

when mixed with the equivalent amount of sodium but3rrate which

would originate from the hydrolysis of tributyrin, the glycogen

level was 0.41 per cent. Only slightly higher results (0 61 per

cent) were noted after the administration of saponified tributyrin.

Whether this indicates that tributyrin gives rise to more sugar

than is produced by the glycerol equivalent is not a matter of

importance in the present communication. The rate of absorp-

tion and glycogen formation when glycerol is fed as such or as a

component of neutral fat must be quite different The results

on butyric acid alone also indicate that it is not to be considered

as a glycogenic agent. *

That the non-glycerol portion of the physiological fats is not a

source of glucose is indicated by the failure of Wesson oil to in-

crease the level of liver glycogen. Not only when this fat was fed

in the same dose as tributyrin (195 mg.) but even when fed in a

molecular equivalent (761 mg ), we have failed to note an appre-

ciable glycogen formation. Although the absorption of the fat

was somewhat lower in the test with the larger doses than the

complete absorption noted for tributyrm, 86 per cent disappeared

from the gastrointestinal tract.

The failure of such a neutral fat as Wesson oil to give rise to

glycogen while tributyrin in isomolecular amounts is able to cause

an appreciable glycogen deposition may be explained in the

following way. According to Eckstem (9) butyric acid cannot

be stored as such in the body. Since this is the case, the glycerol

in tributyrin cannot be stored away as a component of neutral fat

and it is therefore converted to glycogen. On the other hand, the

triolein, tripalmitin, and tristearin, of which Wesson oil is chiefly

composed, which are normal components of storage fat of rats,

can be deposited as such and the glycerol is not free to be con-

verted to glucose.
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The results with oleic acid also are quite definite in demonstrat-

ing no appreciable glycogenic action after 8 or 17 hours. We had

supposed that if the cleavage of oleic acid at the double bond to 2

molecules of nonylic acid occurred, the 9-carbon fatty acid so

formed would give rise to appreciable quantities of glycogen.

The negative results indicate that such a breakdown is probably of

small significance. However, considerable amounts of the acid

remained unabsorbed after 17 hours and an undetermined amount

was lost by diarrhea. An attempt to overcome the obstacle of

absorption by intraperitoneal injection of oleic acid failed because

of its toxicity.

SUMMABT

1. No significant glycogen deposition occurred in the livers of

fasting male rats following the administration of sodium aceto-

acetate, sodium butyrate, sodium caproate, sodium caprylate, or

oleic acid.

2. Glycogen deposition in the liver followed the administration

of propionic, valeric, heptoic, and nonyhc acids as the sodium

salts in doses of 0.173 mole per sq.m. of body surface. Inasmuch

as the level of liver glycogen is in the same range, it is concluded

that P oxidation proceeds in a relatively quantitative manner

with fatty acids having an odd number of carbon atoms.

3. Trivalerin was found to be a significantly better glycogenic

agent than tributyrin. No glycogen formation was noted after

the administration of Wesson oil m similar molecular quantities

4. The formation of glycogen after tributyrin is largely, if not

entirely, to be traced to its glycerol component However, after

the administration of similar amounts of glycerol, glycerol plus

sodium butyrate, or saponified tributyrin only part of the glycogen

deposition could be accounted for It seems possible that differ-

ences in time relationship in glycogen formation due to the effect

of the fats on the rate of absorption may account for these

variations.

5. The fact that oleic acid does not bring about significant

glycogen formation, while nonyhc acid does, must indicate that

cleavage at the double bond into 2 molecules of the latter acid

cannot be a primary change m the metabolism of oleic acid.
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Within the last decade, the enzymes classically known as

erepsins have been shown to be rather complex enzymic systems

whose single components have been named peptidases. Oi\mg to

the vrork of Waldschmidt-Leitz (1), Abderhalden (2), Grassmanu

(3), and their respective coworkers, there exists at least an approxi-

mate knowledge of the properties of the individual peptidases of

two naturally occurring peptidase systems, that of the mam-
malian intestmal tract and that of yeast.

The object of the present investigation has been to study the

structure of the proteolytic system of a t3rpical mold, in order to

determine to what extent it resembles known proteol3rtic systems

As reported in a previous paper (4), the proteolytic system of

Aspergillus parasiticus "was found to consist of at least four com-

ponents. Besides a proteinase, three peptidases were found which

seemed to have properties resembling those of the aminopolypep-

tidase, the carboxypolypeptidase, and the dipeptidase, respec-

tively, of the animal digestive enzyme system.

EXPERIMENTAL

Methods

In general, the experimental procedure was similar to that

described previously. Aqueous extract of fresh Aspergillus

parasiticus tissue was used as a source of enzyme material. The

mold was grown at 30® on a medium consisting of skim milk to

which 5 per cent of glucose was added. The water extraction was

carried out at pH 7.

* This work was supported in part by a grant from the Wisconsin Alumni

Research Foundation.
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26 Aspergillus parasiticus Peptidase

The methods of enzjrme determmation, summarized in Table I,

are similar to those previously used (4). For the peptidase

determinations, a stock substrate solution was prepared such that

if 4 cc. of it were diluted to 6 cc. with enzyme and water, the sub-

strate and buffer concentrations would be those given in Table I.

This enzyme-substrate mixture was then incubated for a definite

time, usually 1 hour.

Table I

Methods of Enzyme Determination

Enzyme Substrate pH Buffer (m/15)
Ration between

degree of hydrolysis
and amount of enzyme

Carboxy-

polypepti-

dase

Chloroacetyl-

Z-tyrosine

m/30 Phosphate = 7 logic
t 1 — »

Aminopoly-

peptidase

di-Leucyldi-

glycine

m/16 8 0 Borate Same

Dipeptidase dl-Leucyl-

glycine

m/15 7,25 Phosphate « 0 602a;*/i

Proteinase Gelatinf 4% 7 25
ct Curvet

6 cc. of reaction mixture Incubation at 40®, usually for 60 minutes.

E * tbe number of enzyme units present in reaction mixture.

t = incubation time in mmutes.
X = fraction of I form of peptide hydrolyzed during mcubation
* The factor 0,602 is mtroduced in order to make the size of the dipepti-

dase unit such that half hydrolysis of the substrate corresponds in all

three determinations to the same number of units.

1 10 cc. of reaction mixture.

t The number of enzyme units present is obtained by comparison with

an experimentally determmed empirical hydrolysis curve (4).

For the amino nitrogen estimations before and after incubation,

it was found that the Van Slyke method could be advantageously

replaced by the Linderstr0m-Lang acetone titration method (5).

2 cc. aliquots of the enzyme-substrate mixture were titrated in 90

per cent acetone with m/15 alcoholic HCl
The formula relating degree of hydrolysis and number of enzyme

units present, based, of course, on the kinetics of the hydrolysis

process under the conditions of the determination, varies with the
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enzyme being determined. While rates of hydrolysis of leucyl-

diglycine and of chloroacetyltyrosine are proportional to substrate

concentration, the rate of leucylglycine hydrolysis is independent

of substrate concentration (4).

An incubation temperature of 40° was chosen, since this tem-

perature is the highest at which the destruction of enzjroe during a

1 to 3 hour mcubation period is inappreciable. During longer

incubation periods, however, there is very considerable loss of

enzyme. Heating at 40° for 14 hours at pH 7.2 results in the

destruction of as much as 30 per cent of the enzyme.

Synthetic Substrates—^The peptides used m the present investi-

gation were prepared through the corresponding halogenacyl com-

pounds by the methods of Fischer and coworkers (6). The N-
methyl peptides were prepared by analogous methods, by the use

of methylamine mstead of ammonia (7). The substituted amides

(leucylmethylamine and sarcosylmethylamme) were prepared by
the method of von Braun and Munsch (8). The purity of the

peptides and other sjmthetie substrates used w^as checked by
determinations of neutral equivalent by one or more of three

methods: titration of the carboxyl group in 90 per cent alcohol

with thymolphthalein mdicator, the Linderstrpm-Lang amino

titration (5), and determination of the chlorine content of the hy-

drochloride. The authors wish to express their thanks to Dr. L.

H Andrews for the preparation of a number of these compounds.

Purification of Enzyme Material—^The crude enzyme-bearing

material, made by aqueous extraction at pH 7 of the mold tissue,

may be very considerably punfied, without great loss of enzyme,

by precipitation of the enzyme from the extract with an equal

volume of acetone. The resulting precipitate is centrifuged off

and redissolved in water. Purification by this method results in a

5-fold increase in the purity of the preparation. The yield of

enzyme is from 65 to 100 per cent of that present in the raw

material.

If such an acetone-precipitated preparation is ultrafiltered

through a cellophane membrane (du Pont No. 300, plain trans-

parent) at from 2 to 10 atmospheres pressure, the enzymes do not

pass the membrane, but a large amount of impurity does. This

procedure mcreases the purity of the preparation to approximately

30 times that of the original aqueous mold extract.
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Purification of Aminopolypeptidase—^The method previously

described for the preparation of purified aminopolypeptidase has

been somewhat improved. It has been found that if a solution

contaiaing aminopolypeptidase and dipeptidase is treated with

from 1.5 to 2 5 volumes of 95 per cent alcohol, the aminopolypepti-

dase IS precipitated to a greater extent than the dipeptidase The

quantity of alcohol necessary to brmg about the best separation

varies with different preparations. An example of the purification

process as applied to one sample follows.

To 100 cc. of a solution which had been purified by acetone

precipitation was added acetic acid to pH 4. The resulting precip-

itate was centrifuged off. Much of the dipeptidase is thus re-

moved. After adjustment to pH 7, the solution was treated with

250 cc. of 96 per cent alcohol. The precipitate was centrifuged off

and dissolved m 50 cc. of water. To this solution were added 80

cc. of alcohol and about 0.1 gm. of sodium acetate to assist floccu-

lation. The precipitate was centrifuged off and dissolved in 60

cc. of water. The solution was adjusted to pH 4 with acetic acid,

and adsorbed with 10 mg. of Al(OH)3 Ct, followed by 20 mg of

Fe(OH) 3 . The resulting preparation contamed 32 per cent of the

aminopolypeptidase present in the crude material, and had an

aminopolypeptidase to dipeptidase ratio of 104.

Properties of Mold Aminopolypeptidase—^In Table II are shown

the relative speeds of hydrolysis of various compounds by purified

mold aminopolypeptidase. The enzyme, els may be seen, has the

properties of a conventional aminopolypeptidase. Methyl substi-

tution on the free ammo group prevents enzyme action. As is

the case with yeast ammopolypeptidase, the decarboxylated

dipeptide, dZ-leucylmethylamine, is hydrolyzed, apparently owing

to the fact that the carboxyl group, whose proximity to the linkage

to be spht prevents hydrolysis of dipeptides, is here missing and
therefore its effect on the basicity of the peptide nitrogen atom is

not felt. It might be assumed that leucylmethylamine was
hydrolyzed by the trace of dipeptidase present That such was
not the case was shown by subjecting this substrate to the action

of a dipeptidase-rich enzyme preparation. It was hydrolyzed even
less rapidly than by the purified aminopolypeptidase (see

Table IV).

As was previously reported, tnglycine is not hydrolyzed by
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mold ammopol3rpeptidase, although it is readily attacked by yeast

or mtestmal aminopolypeptidase. It was thought that the

extreme resistance to hydrolysis of triglycine, as compared with

leucyldiglycine, could perhaps be due to a difference in basicity of

the amino groups of the two compounds. Accordingly, the appar-

Table II

Hydrolysis of Peptides by Purified Aminopolypeptidase

m/15 substiate at pH 8 (M/i5 borate), 40®,

Substrate

Hydrolysis* after

1 hr 4 his lOhrs

per cent •percent per.cerei

dZ-Leucyldiglycine , . , 33 45 5 1 47 5

dZ-Leucylglycine . 4 0 11 0

Triglycine -0 5 +0 5

Glycyl-dZ-leucylglycine 6 5 16 5 27 5

Benzoyldiglycine , -0 6 I -0 5 +0 5

dZ-N-Methylleucyldiglycine . 0 0 0

dZ-Leucylmethylamine • 1 4 11 6

* Calculated as per cent hydrolysis of one linkage of peptide, including

both components of racemic peptides

Table III

Apparent Basic Dissociation Constants at 25
^

Compound pH of half neutrahzed
0 2 m solution A’fc X 10«

(ZZ-Leucine 2 36 2 3

dZ-Leucylglycine 3 19

cZZ-Leucyldiglycine 3 27

Glycine 2 40 2 5

Diglycine 3 16

Triglycme ... 3 27 19 0

ent basic dissociation constants of the two peptides, as well as those

of leucme, glycine, leucylglycine, and diglycine, were determined.

The method used was the determination of the hydrogen ion

concentration, by the glass electrode, of a solution 0 2m with

respect to the peptide and 01 m with respect to HCl. The results

obtamed are shown in Table III. The values for leucine and
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glycine check those obtained by Harris (9). The constants for

leucyldiglycine and for triglycine were found to be the same.

The difference in behavior of the two compounds toward the

dnzyme is therefore not due to a difference in basicity of the free

amino groups. It was also found that neither triglycine, nor

N-methylleucyldiglycine, inhibited leucyldiglycine hydrolysis by
ammopolypeptidase; therefore, neither compoimd combines with

the enzyme. The N-methylleucyldiglycme does not combine

with the enzyme because it lacks the essential free amino group,

but the reason for the inertness of triglycme is not clear. It can-

not be due to a lack of steric adaptation of the enz3nne for the

glycyl radical, since glycylleucylglycine is readily hydrolyzed.

It was previously reported (4) that mold ammopolypeptidase

apparently attacked both components of dZ4eucyldiglycine.

This conclusion has been found to be erroneous. The diglycine

produced as a product of leucyldiglycine hydrolysis is partly

decomposed during the Van Slyke determination, giving rise to

fictitiously high NH2-N values. When leucyldiglycme hydrolysis

is follow^ed by means of the acetone titration method, it becomes

evident that only one component of the racemic peptide is split.

In Fig 1 the course of leucyldiglycme hydrolysis by purified

aminopolypeptidase is shown. It will be seen that hydrolysis

does not exceed 50 per cent. Also in Fig. 1 the course of dl-leucyl-

glycine hydrolysis by crude mold enzyme is shown. The hydrol-

ysis rate is constant up to approximately 35 per cent hydrolysis,

but then falls off, never exceeding 50 per cent.

Other Mold Te'ptidases—^As was previously reported, the mold
enz3nne complex contains, besides aminopolypeptidase, at least

two other peptidases. One, attacking leucylglycine, was called a

dipeptidase, and the other, splittmg chloroacetyltyrosine, was
called carbox3polypeptidase. Neither of these was obtained in a

purified state, and nothing was learned regarding their properties

beyond the fact that neither would attack the specific substrate

for the other. It was thought that any attempt to purify one of

these peptidases should be preceded by a study of the hydrolytic

properties of the peptidase complex as a whole. Such a study
should give an indication of the probable number of peptidases,

and of some of the properties of each. A number of S3aithetic

peptides, none of which is attacked by purified aminopolypepti-
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dase, were subjected to the action of crude mold enzyme. Data

are given in Tables IV and V, The data of these tables are strongly

suggestive of a general rule to the effect that benzoylation of the

amino group of a glycyl peptide prevents hydrolysis, whereas

methylation, or substitution of a chlorine atom for the amino

group, does not. If hydrolysis of the sarcosyl compounds is due

to a carboxypoljrpeptidase, this en23rme must have the properties

described for the carboxypolypeptidase enzyme by Abderhalden

and Schwab (10), rather than the acylase-like properties de-

scribed by Waldschmidt-Leitz and Purr (11).

Fig 1. Course of hydrolysis of dMeucylglycme and dZ-leucyldiglycine

by mold peptidases.

The ready hydrolysis of triglycine by the crude enzyme is

apparently not due to the dipeptidase, smce the ratio of dipepti-

dase to tnglycme-hydrolyzing ability vanes as much as 30-fold in

different preparations. On the basis of present data, no definite

conclusions can be drawn regarding the type of peptidase respon-

sible for triglycme hydrolysis.

Inhibition experiments have shown that leucylglycine hydrolysis

is strongly inhibited by the presence of diglycine (44 per cent

inhibition by 0.133 m diglycine), indicating that the leucylglycine-

hydrolyzing enzyme combines readily with diglycine. The
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hydrolysis of diglycine itself is, however, at the substrate concen-

trations used, a first order reaction, indicating that only an inappre-

Table IV

Per Cent Hydrolysis of Compounds by Crude Mold Enzyme (Preparation 4)

Substrate

Sub-
strate
conoen-
tratiou

pH
Hydrolysis* after

Ihr 3 hrs 18 hrs

Diglycine m/15 8 0 10 39

Triglycme , . . m/16 8 0 18

Benzoyldiglycine m/15 8 0 0 0

dZ-N-Methylleucyldiglycine m/15 8 0 1 0

dZ-Leucylglycme .... m/15 7 2 46 48

Chloroacetyl-i-tyrosine m/30 22

dZ-Leucyldiglycine m/15 32

dUieucylmethylamine .

'

m/15 il 2 5

* On the same basis as in Table II

Table V
Hydrolysis of Compounds by Crude Mold J^nayme (Preparation 9)

Substrate
Per cent of one linkage hydrolyzed after

(m/30. pH 8 0)
1 hr 4 hrs 18 hrs

Triglycine 11 45 81

Sarcosyldiglycme . . 1 6 16

Benzoyltriglycine . . -1 -2 +1
Chloroacetyldiglycine 2 3 5

Diglycine 22 56 92

Sarcosylglycine ... 0 9 21

Chloroacetylglycine 4 16 36

Glycyl-i-tyrosine . 15 46 60

Sarcosyl-f-tyrosine . . 3 8 22

Chloroacetyl-Z-tyrosine 37

Chloroacetylglycine ethyl ester 4* 12* 26*

Sarcosylmethylamine 0 0 -1
Glycylsarcosine 0 0 0
dZ-Leucylglyeinet 48

Ethyl alcohol determination showed that most of the substrate had
saponified during incubation

t m/15 substrate concentration.

ciable percentage of the enzyme exists as enzyme-substrate
complex. It follows that leucylglycme and diglycine must be
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hydrolyzed by different enzymes* Additional evidence for such a

conclusion is the fact that glycylsarcosine inhibits diglycine hydrol-

ysis, but not leucylglycine hydrolysis.

Since the ratio of leucylglycine-hydrolyzing power to chloro-

acetyltyrosine-hydrolyzing power varies greatly (from 3.5 to 13),

with different preparations, these two compounds are undoubtedly

not hydrolyzed by the same enzyme. Therefore, unless all the

chloroacetyl compounds, all the sarcosyl compounds, and all the

polyglycines are hydrolyzed by the same enzyme, -which does not

at present seem probable, it is necessary to assume the presence

of at least three peptidases in addition to the ammopolypeptidase.

It is hoped that work now in progress will yield more definite

mformation concerning the properties of these peptidases.

SUMMARY

1. An improved method for the preparation of mold amino-

polypeptidase is described.

2. The aminopol3rpeptidase of Aspergillus parasiticus requires a

free ammo group as a point of attachment for the enzyme. It

hydrolyzes the peptide linkage adjacent to this free amino group.

Dipeptides are not attacked unless the inhibiting influence of the

carboxyl group is removed by decarboxylation. Peptides com-

posed entirely of glycine are not attacked.

3. The mold peptidase system contams enzjrmes capable of

hydrolyzing peptides in which the free amino group is methylated,

or replaced with a chlorine atom. Benzoyldiglycine and benzoyl-

triglycine are not hydrolyzed by the mold peptidase system.

4. Although the aminopolypeptidase of mold does not attack

triglycine, and the leucylglycine-hydrolyzing dipeptidase of mold

does not attack diglycine, the crude mold peptidase complex

splits both of these peptides.

5. The apparent basic dissociation constants of leucyldiglycine,

leucylglycine, triglycine, and diglycme have been determined.
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Disulfide organic compounds as well as their reduced thiol

derivatives play an important r61e in the biochemistry of all

organisms. An almost equally vital part is contributed by
substances containing the guanidine nucleus. Although no

cpmpounds containing both these types of groupings m the same

molecule have been found among the products of biological origm,

it would be of interest, nevertheless, to prepare such substances

and to observe some of their physiological and physicochemical

properties.

Diguanidocystme has been prepared by Kapfhammer and

Muller (6) by the use of S-ethylisothiourea hydrobromide on the

sodium salt of cystine. The author has described (5) the forma-

tion of an €,€'-diguanido-di(a-thio-n-caproic acid) by the use of

the free 0-methylisourea base on the corresponding amino acid.

These are the only substances so far prepared containing both

disulfide and guanidme groups on the same molecule. In the

endeavor to extend the studies on guamdocystme there is described

in this communication the preparation of the corresponding

cyamidene derivative of cystine, namely anhydro-a,a'-diguanido-

di05-thiopropionic acid) as the hydrochloride, the picrate, and the

free base. The action of alkah on the cyamidene is also described.

As would be expected from the behavior of analogous substances,

it IS extremely labile to even very low concentrations of alkali.

35
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EXPERIMENTAL

NHa
1

NH
1

1

C=NH
1

C=NH
1

NH
1

>
NH

1
1

CHa—CHCOOH
1

CHs—CH (

1

:!0

1 i

S
1

S
1

LI 2 1

I II

Diguanidocystane (I) was prepared by tbe method of Kapf-

hammer and Muller (6)with the exception that the S-methylisothio-

urea base was used in place of the S-ethyl homologue which the

above authors employed. The formation of the cyamidene (II)

was easOy accomplished by heating with eoncenttated HCl.

a,a'-I>iffuanido-Di(ff-Thiopr(ypionic Acid)—^An amount of 19.8S

gm, of pure cystme was dissolved in 145.3 cc. of 1.14 n NaOH.
To the solution were added, with stirring, 23.03 gm. of S-methyl-

isothiourea sulfate. The solution was then pumped off in a

vacuum desiccator, the methyl mercaptan evolved bemg removed

m about 5 hours. After 24 hours the crystals of diguanidocystine

were filtered off and washed thoroughly with water, alcohol, and

ether. The material was recrystallized from dilute HCl solution

by the use of ammonia, and finally washed and dned. The yields

were always somewhat lower than those which Kapfhammer and
Muller (6) reported, the difference probably being due to the

relatively greater instability of the S-methylisothiourea base as

compared with the ethyl homologue. The substance crystallized

m rectangular plates. The Sakaguchi reaction was positive.

The diguanidoc3ratine requires boiling with alkali before a blacken-

ing IS obtained with lead acetate solution.

GsHitO^NeSj (324 13). Calculated, N 25 9; found, N 25 6

Anhydro-a,a'-Dtguanido-Di(fi-TJnoproj)iomc Acid) Dthydrochlo-

ride~9 gm. of the diguanidocystine were dissolved m 180 cc.

of concentrated HCl and evaporated down twice on the water
bath to dryness Complete drymg was finally accomplished
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in vacuo. Ttie residue is a white solid, m.p. 144*^, which was first

washed with ethyl alcohol and then recrystalhzed from a hot

methyl alcohol-ethyl alcohol mixture. The cyamidene derivative

as the hydrochloride salt separates in the form of long prisms. It

was washed with dry ether and dried. Yield 5 gm. The sub-

stance gave a negative Sakaguchi reaction, was soluble in water

and hot methanol, but msoluble in all other organic solvents.

M.p. 150® for the pure material.

The substance dissolved in dilute alkali, and when immediately

treated with lead acetate solution gave an instantaneous

blackening.

C8Hi402N6Cl2S2 (361 1) Calculated, N 23,2; found, N 22.8

Anhydr(ha
,
a'^Diguantdo-Di(P~Thtopropio7iic Acid)—^The free

base was liberated from the hydrochloride by dissolving 3 gm. of

the latter m a little cold water and addmg ice-cold 3 n NH4OH
in slight excess. The base separates out in the form of tiny

rectangular plates. It was filtered off, washed with water, alcohol,

and ether, and dried in vacuo over P2O6 and H2SO4. Yield 2.16

gm. It is extremely insoluble in all solvents save acids, and

yielded a negative Sakaguchi reaction. The substance begins to

turn dark on heatmg above 240®. The behavior in alkaline solu-

tion with lead was, of course, identical with that of the hydro-

chloride.

C8H 12O 2N6S 2 (290 1). Calculated, N 28.9; found, N 28 6

The picrate was formed by addmg 0 72 gm. of the free base to a

hot solution of 1.25 gm. of picric acid in 100 cc. of water. The

yellow colored half picrate crystallizes in prisms. M.p. 188®.

Yield 1.12 gm.

CsHisOaNfiSa • CeHa(OH) (NOala
Picric acid from nitron picrate. Calculated, 44.1; found, 43 8

Action of Alkali on Cystine Cyamidene—^From the work of

Bergmann and Stather (3) on dialanylcystme anhydride and of

Andrews and Andrews (1) on cystine phenylhydantoin it is ap-

parent that compounds of ring structure linked by disulfide bonds

are extremely sensitive to alkali. The mechanism proposed by

Bergmaim and Delis (2) for the decomposition of serine phenylhy-
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daatoin, whereby the molecule first forms the 3-phenyl-5-methyP

enehydantom, and then further splits to phenylurea and pyruvic

acid, was found applicable also by Andrews and Andrews (1) to

the case of cystine phenylhydantom

The action of alkali on cystme cyamidene follows an analogous

path. On mixing 2 gm. of the substance with 4.6 gm. of phenyl-

hydrazine hydrochloride, 5 gm. of lead acetate, and 80 cc. of 1 n
NaOH, there is an mstantaneous blackenmg The mixture is

heated on the water bath for 12 hours, during which mterval NH3
is evolved. The PbS is filtered off and the filtrate acidified with

glacial acetic acid The yellowish crystals of the phenylhydra-

zone of pyruvic acid separate out Yield 1 .2 gm After recrystal-

hzation from alcohol its meltmg pomt is 192°, which is in agree-

ment with the value found by Bergmann and Delis (2) and Clarke

and Inouye (4).

The course of the reaction with alkali therefore involves the

following steps: first, the breakdown of cystme cyamidene to 5-

methylenecyamidene, or a-aminoacrylic acid cyamidene and

sodium sulfide; secondly, the hydrolysis to guanidine and pyruvic

acid. The guanidine is destroyed during the reaction, accounting

for the ammonia given off

SUMMARY

1. Cystme cyamidene has been prepared in the form of the

hydrochloride (m.p. 150°), the half picrate (m p 188°), and the

free base (darkenmg above 240°).

2. Like all ring compounds mvolvmg the disulfide linkage, it is

extremely sensitive to alkali, decomposing very rapidly to alkali

sulfide, pyruvic acid, and guanidine The phenylhydrazone of

pyruvic acid w^as isolated following alkalme treatment.
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CYSTINE FROM WOOL HYDROLYSATES*
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Methods proposed for obtaining cystine from wool, etc., vary

widely with respect to the conditions used for hydrolysis and

isolation (1-13). In many cases a negative biuret test is taken

as a sign of completed hydrolysis. The best yields of cystine cor-

respond to about two-thirds of the total sulfur content of the wool

(7), although by the Sullivan test cystine corresponding to the

total sulfur content has been identified after hydrolysis (14).

However, the proportion of Z-cystine obtained, presumably the

only form of cystine occumng naturally, is not e^ddent in most

reports (c/. 15)).

It was in search for a rehable method for the complete isolation

of cystine, more especially the levo form, that the present studies

were undertaken, with a view of establishing a basis for the system-

atic study of the factors controlling hydrolytic hberation and

racemization of cystine, a study necessary for the establishment

of a rational method for the production of optimal yields of Z-cys-

tine from keratins

The extent of oxidative or hydrolytic decomposition and race-

mization of cystme (5, 16-19) taking place during protein hydrol-

ysis affects the amount of Z-cystine available for isolation, while

factors interfering with the completeness of isolation of the avail-

able compound are: increase of the isoelectric solubility of cystine

caused by the presence of inorganic salts (9, 20, 21), of other ammo
acids (13), humins (10), and other colloidal substances (21), and

losses entailed by separation from tyrosine (22) which tends to

precipitate together with cystine, as well as by the large amounts

* A summary of this work appeared m J Biol Chem
, 106, xcii (1934).
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of charcoal (1, 23, 24) usually used for the removal of colored

impurities.

Although sulfuric acid as a hydrolyzing agent fell into disrepute

for the preparation of cystine evidently because in earlier work

cystine was lost with the precipitated CaS04 resulting from hme
neutralization of the acid (25), modem work, indicating reduced

humin formation (26) and greater stability of cystine (17, 18, 27),

makes H2SO4 appear preferable to HCl. We found that when a

H2SO4 hydrolysate is neutralized in such a manner that the solu-

tion is saturated with Na2S04, a large part of the brown humin

material is salted-out (cf (28)), while the precipitate contains

practically no cystme. From the filtrate cystine could be removed

rapidly, and much more completely than by isoelectric precipita-

tion, as a cupric compound by dilution and neutralization in the

presence of CUSO4. The copper precipitate contains, besides

cystine (29), chiefly leucine and aspartic acid (30) and a part of the

humic acids, while the copper salts of tyrosine and the other

amino acids present m wool (31-33) remain in solution (30). The
dismutative reaction of Preisler and Preisler (34) does not take

place under these conditions. i-Cystine hydrochloride may be

obtained in good yield by treating the copper precipitate with

saturated HCl solution, while the inactive modifications tend to

stay in solution. Since in prehminary experiments^ it was found

that even the most soluble of the cystme stereoisomers may be

completely precipitated by phosphotungstic acid and since of the

keratin amino acids forming insoluble cupnc salts cystine is the

only one (36) precipitable as phosphotungstate from acid solution,

isolation of the sum of the optically active and mactive cystine on
this basis appeared as a possibility. Up to 80 per cent of the

liberated cystme could be isolated in this manner from H2SO4
hydrolysates, the loss being chiefly due to the difficulty of remov-
ing coprecipitated humm phosphotungstates. This contamina-

tion increased toward the end of the hydrolysis to such an extent

that not more than 31 per cent of the theoretical cystine was
obtained by this technique. As external circumstances made it

impossible to expand this study into a search for a precipitating

^ These later developed into a separate investigation the results of

which were published in the meantime (36).
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agent more selective than phosphotungstic acid, it had to be
abandoned at this stage.

EXPERIMENTAL

Precipitation of Cystine from Salt Solution hy Cupric Ion—0.600

gm. of Z-cystine (2 5 mu) m 5 cc of 2 n HCl and 50 cc. of 3.2 u
Na2S04 was precipitated by addition of 10 mM of CuSO^ in 55 cc.

of water and neutralization with NaOH (11.7 cc. of 2.00 n) to

faintly acid litmus reaction After standing overnight the precipi-

tate was filtered off and washed free of soluble sulfate. The
filtrate showed no optical rotation in a 2 dm. tube, indicating a
residual cystme concentration of less than 5 X 10”* m. The
copper precipitate (1.547 gm. after di’ying over P2O6) gave, dis-

solved to 50 cc. with N HCl, [aj]Hg, calculated for the total cystine

used, = —249.9®. This figure indicates that more than 98 per

cent of the original cystine was present as such m the precipitate,

as acid cystine solutions of the same concentration with and

without CUSO4 gave the following values.

6 mM cystine + 10 mM CUSO4 per 100 cc n HCl, l-a]|y = —249 9°

5 » “ + 20 “ “ » 100 “ “ [a]^^ =* -260 0°

6 » + (no )
» 100 “ Ia]|?g = -256,6“

The composition of the precipitate (cystine 38 8, Cu 36.5, SO4

12.5 per cent) indicates the presence of a considerable amount of

basic copper sulfate.

Obsenations on Action of Strong Sulfuric Acid on Cystine—^For

minimizing humin formation in protein hydrolysis, Salkowski

(26) advocates the use of 50 per cent (about 14 n) sulfuric acid.

1.5 gm. of cystine and 5 cc. of 50 per cent H2SO4 showed after 48

hours heating at 86® a decrease m optical rotation of 31 per cent,

indicatmg a monomolecular racemization constant of the order of

0.8 per cent per hour. An identical solution after 21 hours boilmg

(126®) showed 6 per cent of the initial rotation, corresponding to a

racemization constant of 13 per cent per hour, or approximately

a doubling of the reaction rate for every 10®. After 48 hours of

boiling the rotation was 0 and the Sullivan test corresponded to

85 to 90 per cent of the initial cystine. According to Salkowski

(26) complete hydrolysis may be expected after 2 to 3 hours boiling

with 50 per cent H2SO4, vrliile with constant boiling HCl at least 7
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hours are required (14) If for this acid a racemization constant

of the order of 4 per cent per hour, calculated from the initial

points of the curv^e of Hoffman and Gortner (16), is assumed, the

action of 50 per cent H2SO4 would seem to compare well with that

of constant boiling HCl.

Hydrolysis of Wool with Sulfuric Acid, General—^The wool

used throughout was a white degreased commercial grade of 3.21

per cent S, correspondmg to a maximum content of 12 per cent

cystine. The progress of hydrolysis under various conditions -was

followed by observations of the optical rotation of the hydrolysate

in order to determine whether or not the optical rotation bears any

simple relation to the degree of completion of the hydrolysis.

Since it was found that decolorizing with charcoal has a consider-

able effect on the rotation of the hydrolysate (1 00 cc. of a H2SOi

hydrolysate diluted to 40 cc
,
a = —0 18°; 1 00 cc. of the same

hydrolysate diluted to 7 cc , boiled 1 minute with 0 03 gm of char-

coal, washed, and diluted to 40 cc., a = — 0 11°), polanmetric

readmgs were taken on the undecolorized hydrolysate after dilution

with 39 volumes of water, even though the observational error was
high under these conditions For purposes of comparison the

results were expressed as specific rotations of the total wool.

The best response to the biuret reaction was obtained by using

1 cc. of the hydrolysate diluted to twice its volume, adding 5 cc. of

concentrated NaOH, and stirring in 0 5 cc. of a 3 per cent CUSO4

solution. To test the sensitivity of the test under practical

conditions 30 gm. of wool + 90 cc of 50 per cent H2SO4 were

hydrolyzed until the biuret test was negative. By admixture of

solutionsof peptone or gelatin it -was found that with an amount of

either of these proteins below 15 per cent of the wool present a

positive biuret response can no longer be observed.

In a senes of preliminary experiments with Sulhvan’s test (37)

we obtained the best results if the cystine concentration of the

unknov^m solution was within 0 02 and 0 04 gm. per 100 cc. and if

tins was matched against standards of 0.02 and 0.04 gm per 100

cc. Under these conditions the average deviation of the readings

from their mean value was ±15 per cent, while the average

de\iation of the mean value from the theoretical value was ±4 per

cent. AVhen the unknown concentrations were beyond the range

indicated, within 0 01 and 0.08 respectively, and were matched
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against 0 02 or 0 04, errors from +30 to —26 per cent were found.

The hydrolysates were prepared for the test by diluting with water

to an acid concentration of 3 n, boilmg for 1 minute with 0 04 gm.
of charcoal per 1 cc. of hydrolysate, filtering, washing with 0.1 n
HCl, and making up to volume w’hile neutralizing to an acidity of

0.1 N. By repeating the charcoal treatment on the decolorized

hydrolysate the correction necessary to discount the loss of cystine

in the decolonzation was found to be +10 =h 1 per cent. The
same loss caused by charcoal treatment was found on pure cystine

solutions.

For colorimetric readings of the cyanide-nitroprusside test 10 cc.

of the decolorized and diluted hydrolysate, 5 cc. of 5 per cent

NaCN, and after 10 minutes 2 5 cc. of 14 n NH4OH were com-

bined. The standard was 0 02 gm. of cystine per 100 cc. and the

determination was repeated by varying the unknowm concentra-

tion until standard and unknowm fell within 1 0 per cent of each

other. Constant readings were obtamed from 15 to 25 minutes

after addition of the cyanide A 10 per cent correction was added

to the results.

Hydrolyses with 50 per cent H2SO4 were carried out with a ratio

of 100 gm. of wool to 300 cc of H2SO4 The hydrolysates were

W’orked up by precipitating huimns by addition of ice, NaOH, and

Na2S04 in such amoimts that the solution was neutralized to

Congo red and saturated with Na2S04 at 3 to 5 times the imtial

volume. After standing overnight the brown humin matenal

floating on the solution w^as filtered off through a folded filter of

high porosity (oil filter) and w’^ashed with saturated Na2S04 solu-

tion, The washed precipitate showed no cyamde-nitroprusside

reaction for —S—S—. After addition of excess copper sulfate

(about 22 gm of CUSO4 + 5H2O per 100 cc. of original hydrolysate)

the solution w^as again neutrahzed at 7 to 8 times the initial volume.

The bluish gray copper precipitate was filtered the next day,

thoroughly washed by digesting with cold water, and dried on the

steam bath. For precipitation of cystine hydrochloride the copper

salt was digested wnth concentrated HCl (about 8 cc per gm.) and

the solution,® after complete saturation with HCl gas, w^as left for

® If the solution is too dark, partial removal of colloids by charcoal

treatment is necessary lest crystallization of the hydrochloride may be

completely inhibited.



44 Isolation of Cystine from Wool

several days at room temperature until the crystallization did no

longer increase. The hydrochloride was filtered on a fritted glass

filter, and washed with alcoholic HCl and ether. From its optical

rotation in n HCl (38) its content of 1-cystine hydrochloride was

estimated.

Since the attempts to isolate the total C3^tme of the copper pre-

cipitate by phosphotungstic acid made it evident that different

commercial preparations of this reagent behave quite differently

due to widely varying composition, a detailed account of these

experiments is unjustified. The unsatisfactory results obtained

led to the separate investigation referred to above on phospho-

tungstic acid itself and its behavior with the different modifica-

tions of cystine (35) . In the meantime by empirical treatments of

acid solutions of the copper precipitates with phosphotungstic

acid, separation of cystine from the precipitated phosphotungstate

(39), two reprecipitations by phosphotungstic acid, and final

isoelectric precipitation more or less representative fractions of the

liberated C3rstine (95 to 99 per cent pure accordmg to sulfur con-

tent) could be isolated (c/. Table III)

Results—500 gm. of wool and 1500 cc. of 60 per centH2SO4 were

heated at 88® ± 2® for 61 hours, when the biuret test was negative.

About 3 hours were required to destroy the wool fiber. The fol-

lowing specific rotations (and average errors) were found.

Hrs 45 65 23 5 26 5 30
1

48 51

M . . -43 3

±0 4

-34 4

±0 4
1

-17 3

±0 8

-22 0

±0 8

-20 4

±0 7

-12 6

±0 7I

-12 6

±0 7

The amount of copper salt obtained byworking up this hydrolysate

m the manner descnbed in the precedmg section was 2.0 gm. per

gm. of cystme theoretically present in the wool. It yielded (again

per gm. of cystine) 0 356 gm. of hydrochloride, [alag = —185®

(0.500 gm. in 100 cc. of n HCl), corresponding to 96.5 per cent of

l'C3^tme hydrochloride (38, 40), or a yield of 1-cystme of 26 per

cent of the theory.

That a break in the curve of the optical rotations, as indicated in

the preceding experiment, actually occurs w'as confirmed by obser-

vations on a similar hydrolysis (600 gm. of wool -f- 1500 cc. of 60
per cent H2S04, 81® ± 3°, 46 hours).
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Htb 6 9 13 17 21 24

w. -61 8±1 2 -50 4=bl 0 -36 1±0 7 -26 8db0 6 -24 7±0 6 -21 6±0 6

Htb . 27 30 30 38 42 45

la). -17 6±0 6 -17 OztO 6 -20 4±0 6 -20 3i0.6 -19 2±0 6 -18 8±0 6

Further experiments showed that under dijBferent conditions of

hydrolysis similar specific rotation is no indication of a similar

extent of amino acid liberation. For instance, 200 gm. of wool

were boiled (about 125°) with 800 cc. of 6 n lis04 for 12 hours,

when [a] was approximately — 12°. The biuret test, however, was
distinctly positive, the copper salt obtained was 1 1 gm. per gm. of

total cystine, and the hydrochloride formed contained only 6 3 per

cent of the total cystine.

Another hydrolysis was conducted at 50-60° for 7 weeks, so that

samples could be worked up at various stages in order to see how
far the yield of Z-cystine could be increased. After 150 gm. of wool

and 450 cc. of 50 per centH2SO4 had been heated for 3 hours on the

steam bath (75°) the wool was completely immersed and the

volume was 550 cc. Protected by a condenser and CaCU tube the

solution was now kept at 50-60°. The first sample (21 days) was

taken when the biuret reaction had become definitely negative.

Table I shows the time when samples (150 cc. each) were removed,

the specific rotation, the amounts of copper salt and hydrochloride

obtained per gm. of total cystine corresponding to the sample, the

purity of the hydrochloride in terms of Z-cystine hydrochloride,

according to optical rotation, and the Z-cystine obtained as hydro-

cliloride in terms of total cystine. This experiment shows that

even after the biuret test has become negative the amount of

Z-cystine available continues to increase.

In the next hydrolysis, instead of precipitatmg the l-hydro-

chlonde, an attempt was made to obtain the total cystine con-

tained in the copper salt by means of phosphotungstic acid. 600

gm. of wool were heated with 1800 cc. of 50 per cent H2SO4 in an

oil bath without stirrer on a hot-plate. The temperature was

regulated by a de Khotinsky thermostat and, measured within the

flask, varied between 75-83°. Readings, taken twice a day,

averaged 79° db 2° for the first 10 days, 77° zt 2° for the second 10
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days, and 81° db 2° for the remainder. Table II shows yield and

analytical results of copper salts isolated at various stages m the

manner previously described. Free sulfate and total sulfur (by a

modification of the method of Blix (41)) were determined after

precipitation of the copper with HaS and removal of H2S by CO2 .

A comparison of the results of Table II with those obtained on a

Tabue I

holation of Copper Salts and UCystine Hydrochloride from Hydrolysate

Sample
No

1

Time la]

Cu&alt
pergni of
cystine

Hydro-
chloride
pergm of
cystine

l-Cystme
hydro-
chloride
in total
hydro-
chlonde

Z-Cystme
obtained

days degrees gm gm. per cent per cent

1 21 -19 2 1 63 0 424 95 30 9

2 43 -6 0 2 15 0 615 87 41 0

3 49 -9 6 2 22 0 588 97 43 7

Table II

Analysts of Copper Precipitates from Hydrolysate

[
f

Organic S content

Sample
No Time

Amount
per gm
of total

Cu
content

Totals
content

1

SO4

content

S calculated as
cystine

cyetme
of wool

S
Fraction

of
Cuaalt

Fraction
of total
cystine
of wool

1

days gm per cent per cent percent per cent per cent per emt

1
j

3 1 59 19 2 11 0 0 66 10 8 40 5 66

2
'

7 2 27 19 2 10 1 0 78 9 8 36 5 86

3
'

12 2 18 1 19 0 10 1 0 69 9 9 37 0 83

4 16 2 21 18 9 9 9 0 66 9 7 36 5 82

5 33 2 63 18 6 9 6
!

0 33 9 6 35 5 92

sodium sulfate solution of pure cystine (p. 41) shows that the

organic sulfur content (cystine) is similar in both cases, while the

precipitate from the hydrolysate contains almost no sulfate and
only about one-half as much copper as the precipitate from the

pure solution. Also only 20 to 25 per cent of the copper used
reappeared in the precipitate as compared with 89 per cent in the
former case. Apparently soluble copper salts of other ammo acids
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play a r61e in the hydrolysate in preventing precipitation of basic

copper sulfates, which is considerable in the pure solution. On the

other hand the copper present in excess over the atomic ratio of

copper to organic sulfur = 1:2 (the ratio of a cupric cystinate),

while attributable to basic sulfate in the pure solution, may be

accounted for in the hydrolysate by the coprecipitation of the

insoluble (30) copper salts of leucine and aspartic acid.

The results of Sullivan determinations on the hydrolysate are

plotted in Fig. 1. Comparison of the percentages of free cystine

100%

75%

50%

25%

0 %

Fig 1 Hydrolysis of wool with 50 per cent sulfuric acid at 80® The

figures for optical rotation, nitroprusside, and Sullivan test were obtained

in the manner described under *‘Hydrolysis of wool with sulfuric acid,

General The data underlying the curves for Z- and inactive cystine are

contained in Table III.

thus obtained with the cystine percentages calculated from the

organic sulfur of the copper precipitates (Table II) on the one hand,

and on the other hand, with the reactive disulfide obtained by the

nitroprusside method (also plotted m Fig. 1) indicates that part of

the cystme in the copper precipitates must be present in the form

of cystine peptides in which the disulfide group is reactive Trvhile

they do not respond to the free cystine reaction of Sulhvan

Table III summarizes the results of cystine isolations from the

copper salts of Table II by means of phosphotungstic acid. The
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calculated values in Columns 6 and 6 were obtained on the two

limiting assumptions, either (upper limit) that the ^cystine con-

tent of the unisolated fraction of the hberated cystine is the same

as that of the isolated fraction (Column 4), or (lower limit) that

the unisolated portion is all inactive cystine. However, in Sample

4, where two isolations with resulting different yields were carried

out, it is clear that the true value must be between 33 and 27 per

cent; i.e., in case of higher yield the correct value is near the

maximum and in case of lower yield near the minimum. On this

basis the values of Column 7 were estimated, which are nothing

more than best approximations. They are plotted in the l-cystine

Table III

iBolaiion of Cystine from Copper Salts by Phosphotungslic Acid

Cystine isolated from Gu salts by Free l>cystine in solution (baaed on
phosphotungstic acid

1

total S in wool)

1

Sample
No Yield based

on total
S in wool

[

Yield based
[
on amount

1 hberated
^ according to

Sullivan
test

l-Cystine
content
according
to specific

rotation

Upper
calculated

limit

Lower
calculated

limit

Estimated
value

0> (2) (3) (4) (5) (6) (7)

percent per cent per cent per cent per cent per cent

1 28 75 97 36 27 34

2 40 81 93 46 38 44

3 40 71 82 47 33 43

4
f 35 51 77 (53) 27 1

30
1 49 74 48 33 (25) /

5 31 31 27 27 8 9

curve of Fig. 1. The curve for inactive cystine in Fig 1 repre-

sents the difference between the total liberated cystine and the

estimated free Z-cystine.

In this hydrolysis the biuret test was slightly positive on the 5th
day but negative on the 7th day. The control experiments men-
tioned above (p. 42) showed that the sensitivity of the biuret

reaction is greatly decreased by the dark color of the hydrolysate,

Decolorization, on the other hand, would involve danger of losing

protein material, and it seems evident, therefore, that a negative
biuret test may be quite misleading as a criterion for the complete-
ness of wool hydrolysis, for which it seems to be used frequently
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even though the unreliability of the test was already pointed out

by Osborne and Jones in 1910 (42). The discrepancy of about 13

per cent between the nitroprusside and the Sullivan test, confirmed

by duplicate determinations, in the final stage, where they should

comcide at 100 per cent, is probably due to errors inherent in the

methods Owing to racemization paralleling the liberation of

cystine the amount of J-cystine, as was to be expected, goes through

a maximum. In the beginning cystine seems to be liberated

entirely in the levorotatory form. The apparent increase in the

rate of formation of inactive cystine suggests that racemization

may take place within the peptide linkage preceding complete

hberation, but with the present degree of accuracy no definite

conclusion can be drawn. The significance of the observed break

in the optical curve cannot be appraised without further work

However, it seems to be a phenomenon beyond the limits of obser-

vational error, especially since curves with a similar characteristic

turn w^ere found on hydrolyses under different conditions.

SUMMABT

In the preparation of cystine by hydrolysis of wool 60 per cent

sulfuric acid was found to be a suitable hydrolyzing agent. A
large humin fraction can be removed from the hydrolysate by salt-

ing-out with Na2S04 and cystine can be rapidly, and without

oxidative or reductive changes, precipitated by cupnc ion. The

best yield of Z-cystme, obtained by converting the cystine con-

tained m the copper precipitate into the hydrochloride, was

equivalent to 44 per cent of the total sulfur content of the wool.

A negative biuret test or a cyanide-mtroprusside test correspond-

mg to the total sulfur content of the wool is no proof of complete-

ness of hydrolysis as far as hberation of cystine is concerned.

Due to racemization, however, the stage at which the amount of

Z-cystine available for isolation is at its maximum does not coin-

cide with the completion of hydrolysis. Under different condi-

tions of hydrolysis no relation was found between the optical

rotation of the hydrolysate and the state of cystine.
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In this paper evidence will be presented which indicates that

spectrophotometric constants are more precisely reproducible

with solutions prepared from washed er3rthr0cytes than from

hemolyzed whole blood, used in our earlier analyses (1). The

data, obtained under standard conditions which will be defined,

include the absorption curves of HbOs, Hb, HbCO, MHbCN,
HbNO (nitric oxide hemoglobin), and SHb (sulfhemoglobin).

The two latter pigments were the mam subjects of the investiga-

tion.

HbNO was prepared under conditions which excluded the pres-

ence of higher oxides of nitrogen and the possible formation of

MHb. These precautions were not taken in previous studies of

HbNO (2) and rendered doubtful the older spectroscopic data

SHb probably has not been prepared in a pure state, as claimed

(3) We have derived the spectrum of this pigment by extra-

polation from absorption data upon mixtures of Hb and SHb
We were thus able to establish the identity of the abnormal pig-

ment present m the blood of a patient with clinical sulfhemo-

globinemia (4)

Methods

The spectrophotometer and technique employed were those

described in our previous pubhcation (1), except for the following

modifications.

Preparation of Hemoglobin Solutions—Dog blood was obtained

51



52 Spectrophotometry of HbNO and SHb

by cardiac puncture from normal, unfed animals. It was defibri-

nated. The serum was separated by centrifuging and the cells

were washed three times with about 4 volumes of 0.9 per cent

saline. The washed erythrocytes were hemolyzed by the addi-

tion of enough distilled water to make 10 times the original volume
of blood employed. This solution was filtered to remove cell

debris. It was kept on ice and was not used longer than for a
period of 4 days. From the 1:10 stock solution the more dilute

solutions (1:50 or 1:100) were prepared.

Notaiion—In our absorption curves e values are plotted both
against wave-length, X, m m/x, and wave number, v, which may be
defined as the frequency per cm, (5) and which is the reciprocal of

X expressed in centimeters (v
— 1/(X in m/x X lO'^’)). Although

most spectrometers are calibrated in terms of X, v is more useful

in the interpretation of spectroscopic data (6).

Our extinction coefficients, e, are qualified by the concentration

of pigment, c, expressed in mM per liter where 1 m indicates 1 mole
of porphyrin, which for hemoglobin is equivalent to 1 gm. atomic
weight of Fe or 1 mole of O2 capacity. Standard values are given
as e(c = 1 mM per liter), obtained from the equation

c(c ImM per liter)
^observed

d(depth)em X ©(actual concentration inmu per liter)

« values at standard concentrations are far more useful ttinn the
archaic absorption constant A == c/e. The use of molar units for

c permits ready comparison of the absorption spectra of all deriva-
tives and relatives of hemoglobm.
For comparison mth Table III of our earher paper (1) e(c = 1

mM per liter) = 1/60.4 = 167/(A X 10*). In Fig. 1 of that paper
the ordmates designated as 1/A are actually 1/(A X 10*). For
convenience we have introduced at the right of our graphs a scale

of e(c = 1 gm. Hb per 100 cc ) = e(c = 1 him per hter)

.

Quantitative Bstnnaiion ofPigment Concentration-Total pigment
was determmed by measurmg the absorption of cyanmethemo-
globin (cyanhemoglobm), MHbCN, prepared from suitable
aliquots by the addition of K3Fe(CN)6 to a final concentration of
0 6 mM per liter and KCN to a concentration of 0.8 mM per liter,

the pigment concentration being of the order of 0 1 to 0.2 mM per
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liter. The constants for MHbCN which were utihzed in this

determination are: e{c = 1 mM per liter) = 11.1 at X 551, 11.5 at

X 545, and 11.5 at X 540 m/x (1). At these wave-lengths the molar

extinction coefficient of K3Fe(CN)6 has an average value of only

0.28 (€(c = 1 mM per liter) = 0.00028) ; the absorption ofK4Fe(CN)6

in this spectral region is even less. Hence no correction was made
for the absorption of ferri- or ferrocyanide. The use of the absorp-

tion ofMHbCN as a standard of reference has the following advan-

tages. We have attained a higher precision of measurement of

hemoglobin spectrophotometrically (1) than by gasometric tech-

nique. It IS the most direct procedure, and avoids such highly

questionable practices as the estimation of total pigment colori-

metrically as a basis for absorption constants (7). MHbCN is an

ideal pigment for the determination of total concentration. Hb,

Hb02, HbCO, HbNO (Fig. 2), and MHb are all readily convertible

into MHbCN. Withm fairly wide hmits (Fig. 1) pH does not

influence the conversion or the spectrum, and the characteristic

absorption of MHbCN is maximal m the region of greatest visual

sensitivity.

Very recently Brooks (8) published her conclusion “that the

absorption curve for cyanhemoglobin was identical with that for

oxyhemoglobin.'^ She apparently studied mixtures rather than

single pigment derivatives and drew her conclusion from a con-

sideration of measurements at only two wave-lengths, calculatmg

the ratio of extinction coefficients at X 560 and X 540 wju- The use

of extinction ratios at two points in the spectrum has been advo-

cated as a guide to the detection of impurities in Hb02 and not

for the identification of pigments. Consideration of the shape of

the entire spectrophotometnc curves of Hb02 and MHbCN (Fig.

1), in fact so different in their character, would, we believe, have

led her to a different conclusion.

PrepamUon of HbNO and SHb—^In the preparation of HbNO
the absence of oxygen (to avoid the formation of higher oxides of

N2) was insured by the use of reduced hemoglobin solutions and

exposure to NO in an atmosphere of nitrogen. Washed defibri-

nated dog erythrocytes were hemolyzed in water to 10 times the

volume of the initial blood and filtered. 20 cc. of this solution +
20 cc of 133 mM per liter of phosphate buffer (pH 7.0) were diluted

to 100 cc. The diluted solution was repeatedly evacuated in a
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tonometer (capacity of 400 cc.) and equilibrated with CO2 + N3,

then with N2. The solution was filtered and again repeatedly

evacuated and equilibrated. A sample was converted to MHbCN
for determination of concentration, another sample was run into

the spectroscopic cell with minimal exposure to air and read to

establish completeness of reduction. Eeduction havmg been

demonstrated, successive additions of NO were run into the

tonometer, the diluting gas bemg N2 As equilibrations with

successive increases m NO tension were completed, samples were

quickly sealed in the spectroscopic cell for reading The NO was
generated by delivering 33 per cent HNO3 upon thin strips of pure

Cu suspended in an air-tight cylinder over water. The cylinder

and connection were previously evacuated and flushed with N2
Details of special experiments appear in the legends accompanying
the figures.

SHb was prepared with H2S generated in a Kipp apparatus with

HCl and washed m water. The gas was delivered at a rate of

approximately 150 bubbles per minute from an outlet tube of 3

mm. bore. The foaming of the dilute solutions of hemolyzed
washed blood cells receiving the gas was minimized with minute
amounts of capryhc alcohol. The duration of exposure to H2S
was variable and is indicated in the legends accompanying the

figures. Alternate exposure to H2S and air or oxygen (3) was
found unnecessary, suflicient oxygen bemg furnished by carrying

out the reaction in open flasks

The pH of solutions was determined by means of the glass

electrode.

Results

Fig 1 shows the absorption cuiv^es of solutions of Hb02, HbCO,
Hb, and MHbCN, prepared from hemolyzed, washed erythro-
cytes It IS evident that with these pigments fairly wide varia-
tions in pH did not affect the absorption curve. Table I indicates
that greater precision of measurement was attained upon solutions
prepared from hemolyzed, washed blood cells than from hemo-
lyzed whole blood. The ratios of absorption of the peaks of the
curve to the trough were somewhat higher for Hb02 and HbCO
prepared by the present technique than for the corresponding
pigments prepared from whole blood (Table I, last two columns).
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The differences in the two sets of preparations are most probably

related to physical factors such as yery slight turbidity, unavoid-

Am
Fig. 1, Absorption curves of Hb02, HbCO, Hb, and MHbCN, cross-

hatched to show the spread of the determinations Curve 1 represents

Hb02 (eight solutions) 0.070 to 0 205 mM per liter, buffers 33 mM per liter of

phosphate, 25 mM per liter of borate (two unbuffered solutions), pH 5 9

to 9.2, Curve 2, HhCO (six solutions) 0 0942 to 0 205 mM per liter, buffers

33 TTtM per liter of phosphate, 10 to 27 mM per liter of borate (one imbuffered

solution and one with 100 mu per liter of NH4OH), pH 5 9 to 11 0; Curve 3,

Hb (seven solutions) 0 107 to 0 205 mM per liter, buffers 13 to 27 mM per

liter of phosphate, 24 mM per liter of borate (two unbuffered solutions),

pH 4 5 to 9 2 Reduction was by evacuation in one solution, in the others

with Na2S204, 4 mM per liter; Curve 4, MEbCN (seven solutions) 0 113 to

0 205 mM per liter, buffers 15 to 33 mM per liter of phosphate, 11 to 25 mM per

liter of borate (one unbuffered solution), pH 5 9 to 9 2 K3Fe(CN)6 0 8

to 0 9mM per liter andKCN 0 7 to 0 8mM per liter

able when whole blood is used It is well recognized that lower

ratios for Hb02 will be obtained when MHb is present, but it is
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Tabub I

Precision of Measurement of Absorption Constants

Figment

1

i

§

€(C s; 1 mu per liter) Ratio, e/et

Average

1 1

I

S
f<

1

§
X

a.

g

1
/<

1

/<

mji

KhOz A 17 575 15 79 16 7 16 3 1 4 0 31 ± 0 05 1 67 1 62

560 9 43 HIMiO 1 2 0 26 ± 0 04

15 29 16 5 14 8 1 7 0 38 d= 0 07
ft B 8 576 15 26 1 73 1 68

560 8 73 8 95 8 56 0 39 0 13 ± 0 03

540 14 62 14 70 14 52 0 18 0 06 ± 0 01

HbCO A 16 569 14 71 15 48 13 22 2 26 0 48 d= 0 08 1 22 1 23

558 12 09 0 70 0 29 ± 0 05

539 14 83 ills! 13 31 2 33 0 49 ± 0 09
(( B 6 569 14 39 14 54 14 08 0 46 0 16 ± 0 05 1 23 1 26

558 11 81 11 92irggi 0 22

555§ 11 70 11 74 11 65EES 0 05 =b 0 02

539 14 77 14 82 14 69 0 13

Hb <c 7 560 13 24 13 51 j! ig 0 51 0 21 =fc 0 06

555 1

1 ^ 0 38 0 14 ± 0 04

550 13 28 13 45 '

! J 0 33 0 12 ± 0 03

MHbCN (f
7 551 11 28 II

I?
0 31

545 \tnm Ii
* E^BESSES

540 11 53|1 11 63 11 47 0 16 0 05 db 0 01

^Solutions prepared from hemolyzed, whole dog blood are listed as

Source A, those prepared from hemolyzed, washed dog erythrocytes, as

Source B,

t The figures after the rfc represent the standard error of the standard
deviation.

t Batios of extinction coefficients at the maxima of absorption to the
minimum between the tw-o bands.

§ Only three determinations at this wave-length were made.

II
The average constants have been assumed on the basis of our earlier

work (1) so that only the spread of determinations is of significance in the
case of this pigment

not justifiable to conclude (9) that admixture with the oxidized

form of hemoglobin is the sole cause of this phenomenon. The
reasons for this will be made more apparent in two of the follow-

ing papers.
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Fig. 2 IS typical of the data obtained in experiments with

HbNO. The absorption curve of HbNO is evidently that of an

analogue of Hb02. The spectrum is distinguishable from that

of Hb02 by the shallowness of the trough between the two max-

Fig 2 HbNO and its conversion to MHb and MHbCN. Curve 1

represents HbNO, 0 204 mM per liter, PO* buffer (pH 7,0) 25 mM per liter,

pH 7.1, tension of NO 87 mm. of Hg, Curve 2, HbNO, 0 204 mM per liter,

PO4 buffer (pH 7.0) 25 mM per liter, pH 7 0, tension of NO 244 mm of Hg;

Ctirve 3, MHb, 0 186 mM per liter, prepared from HbNO solution with

K3Fe(CN)6, 3 6 mM per liter; Curve 4, MHbCN, 0 168 niM per liter, pre-

pared from the above MHb solution with KCN, 1 4 mM per liter. The cross

marks are for HbNO, the solution of Curve 2 after evacuation and equili-

bration with CO2 + N2

ima of absorption. This results in unusually low ratios of ex-

tinction coefficients of peaks to trough.

575 nftih

j Qg
542 m/x

__ ^

€x:5ijo:OTi« £X560 mil
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Fig 3. Effect of duration of treatment with HaS upon absorption curve

of hemoglobin solutions Curve 1 represents 4 minutes exposure to HaS,

interpreted as 69 to 74 per cent Hb and 31 to 26 per cent SHb Total

pigment 0.201 mM per liter, borate buffer (pH 9 2) 10 mM per liter, Curve 2,

8 minutes exposure to HsS, mterpreted as 47 to 55 per cent Hb and 53 to 45

per cent SHb; Curve 3, 8 nunutes exposure to HaS followed by evacuation,

interpreted as 44 to 52 per cent Hb and 56 to 48 per cent SHb No change

on adding NaaSaO^ or KCN; Curve 4, 50 minutes exposure to HaS, inter-

preted as 28 to 37 per cent Hb and 72 to 63 per cent SHb Total pigment

0 158 mM per liter, borate buffer (pH 9 2) 10mM per liter; Curve 5, 90 hours

exposure to HaS Total pigment at start 0 171 mM per liter, phosphate

buffer (pH 7 0) 13.3 mai per liter, final pH 6.91 Centrifuged and filtered to

remove copious'precipitate, mainly S; Curve 6, 4 hours exposure to mixed

HaS and air and 86 hours exposure to HaS Total pigment at start 0 171

mM per liter, phosphate buffer (pH 7 0) 13 3 mM per liter, final pH 6 83.

Centrifuged and filtered to remove precipitate, c values raised by 13 8 per

cent to bring level of curve to that of preceding solution, assuming greater

loss of pigment

The locations of the absorption maxima are not materially differ-

ent than for HbOs. The apparent slight shift of the P band
towards the red may be significant, but our data are insufficient

to establish this point



D* L. Drabkin and J. H. Austin 59

HbNO was quantitatively converted by the addition of

K3Fe(CN)6 into MHb, In the experiment reported in Fig. 2

the conversion was at pH 7.0 and the spectrum obtained is very

similar to that yielded by MHb prepared from HbOa at the same
H ion concentration (10). The quantitative conversion of the

MHb formed from HbNO into MHbCN was also demonstrated.

This would appear definitely to establish HbNO as a true analogue

of Hb02.

HbNO; buffered at pH 7 0, was not converted to Hb (Fig. 2)

by repeated evacuation and equihbration with CO2 + N2, then

with N2— conditions under which Hb02 would have been com-

pletely reduced. The union of Hb with NO is apparently more
firm than with O2 HbNO appeared also to be more stable to

alteration in H ion concentration than Hb02 We observed no
changes in spectrum in the wide pH range of 3 4 to 11 2.

Fig. 3 presents the data obtamed in a group of experiments in

which Hb02 was exposed to H2S for varymg periods of time.

In Curves 1 to 4 it is obvious that there is a progressive change

in spectrum involving simultaneously an increase of absorption

in the red at X 620 mix and a decrease in the green at X 555 mix,

A consideration of the absorption curve of Hb (Fig 1) led to the

assumption that at least Curves 1 to 3 of Fig. 3 were due to mix-

tures ofHb and SHb. It vras assumed at first that Curve 4 (50 min-

utes exposure to H2S) represented complete conversion to SHb,

Curves 5 and 6 (Fig 3) were obtamed after long exposure of

hemoglobm to H2S, followed by centrifugmg and filtration to

remove copious precipitates mainly of colloidal S Precipitation

with the possible loss of pigment invariably occurred when solu-

tions of Hb02 were exposed to H2S for 1 hour or longer. The
precipitate from the solution represented by Curve 6 had no

appreciable color. There was a greater loss of pigment from the

solution represented by Curve 6 (exposed actively to H2S and

air), and the level of this cuive has been adjusted to the con-

centration of the pigment in the solution represented by Curve

5. Both solutions gave optical evidence (TyndaU effect) of shght

turbidity. The shape of these absorption curves sets them apart

from the others reported in Fig 3.^ The proportional decrease

^ The exact level of the curves is uncertain, since the concentration of

pigment in these experiments could not be determined by conversion to
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in the two maxima of absorption in comparison with Curve 4

and a relative increase in absorption at the red and blue ends of

the spectrum could be due to a combination of the factors of loss

of pigment and presence of turbidity. This explanation, however,

demands a greater loss of pigment than appears to have actually

taken place and does not account for the shift of the absorption

maxima towards the blue It is, therefore, also probable that,

after long exposure to H2S, secondary pigment changes may have

occurred. We believe that Haurowitz^s SHb studies (3) may be

interpreted in a similar manner. Our curves are not inconsistent

with the changes in spectrum which would occur were appreciable

amounts of a hemm-like derivative (11) produced.

Examples of the absorption spectra 3uelded by the hemolyzed

blood of a patient with clinical sulfhemoglobinemia^ as well as

of specially prepared control mixtures of noimal Hb02 treated

with a solution of H2S are presented in Fig. 4 (Curves 1 and 2),

It is evident that these curves are similar. However, when we
constructed theoretical curves of mixtures of HbOg and SHb,

assuming that Curve 4 of Fig. 3 (repeated in Fig 4 for conven-

ience) was pure SHb, we failed to get any curve the shape of

which resembled the curves yielded by the pathological blood

and the control blood treated with H2S water. This led us to

the conclusion that Curve 4, like Curves 1 to 3 in Fig. 3, was that

of a mixture of Hb and SHb, This curve represented the max-

imum conversion to SHb attained in our experiments before precipi-

tation and perhaps other changes occurred.

The absorption spectrum of SHb (Curve 4, Fig. 4) has been

deduced mathematically from the data at four wave-lengths,

X 620, X 575, X 560, and X 540 my., for Curves 1 to 4 in Fig. 3.

The underlying assumption was that these curves represented a

MHbCN. The addition of KCN alone produced no change in spectrum,
while the addition of KsFeCCNle resulted in the precipitation of highly
pigmented material.

* The patient had chronic acetanilide poisoning, in this respect resem-
bling one of the patients described by Harrop (4) Solutions prepared from
the blood showed spectroscopically the usual bands of HbOj and besides a
band at X 620 my. Most of the pigment in the blood was convertible into
Hb by means of NasSj04 and into MHbCN by the addition of KaPeCCN)#
and KCN, but the band in the red persisted unaltered in strength in each
case.
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progressive change from Hb to SHb We determined by suc-

cessive approximations the values for the concentration of Hb
(cHb) SHb (1— Cnb) for each of the four solutions and the

700 660Xinm>l«0 560 540 500

Fig 4 Absorption spectrum of blood of a patient with clinical sulf-

hemoglobinemia and our extrapolated spectrum of pure SHb. Curve 1

represents pathological blood. Total pigment 0.141 mM per liter, HbOa
0 124 to 0 126 mM per liter, SHb 0 015 to 0 017 mM per liter; Curve 2, control

from normal human blood treated with HaS Total pigment 0 226 mM per

liter, as determined both upon original Hb02 and after conversion, HbOa
0 192 to 0 196 mM per liter, SHb 0 030 to 0 035 mM per liter Prepared by

adding 0 1 cc of a saturated aqueous solution ofH2S to 5 cc of dilute solu-

tion of hemolyzed washed erythrocytes; Curve 3, Hb -f SHb, same as

Curve 4, Fig 3; Curve 4, extrapolated spectrum of SHb (see text). Cross-

hatched areas indicate zone of uncertainty

absorption constants of SHb (egHb) at the four chosen wave-

lengths which satisfied best sixteen equations which can be set

up under these circumstances. The equations were of the form

CHb X 6Hb + (1 - CHb) X cSHb “ «observed ” 0
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Fig 5 Curves for reduced hemochromogens, prepared from mixtures of

Hb and SHb, and for sulfmethemoglobin, SMHb. Curve 1 represents Hb
exposed to HiS Total pigment 0,161 mM per liter, pbospbate buffer (pH
7.0) 13 3 mM per liter, reduced in tonometer by evacuation and equilibration
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The sixteen equations contained eight unknowns. The data per-

mitted each of the unknowns to be evaluated within certain

limits. The ^sHb values so obtained were used to plot our deduced

spectrum of pure SHb, the cross-hatched areas indicating the

limits of the approximation. Proof of the validity of our assump-

tions was furnished by the ability to construct theoretical curves

of mixtures of Hb02 and SHb or of Hb and SHb which agreed

excellently with the observed spectra from the patient's blood,

both before and after the addition of Na2S204, and with normal

hemolyzed blood treated with a solution of H2S The percentage

composition of the mixtures of pigments which appear in the leg-

ends of Fig 3 and 4 and the total pigment concentration of the

clinical case were calculated from the absorption data of Hb02
and Hb (Fig 1) and of SHb (Fig. 4). This is, we believe, the

first tune that quantitative estimation of sulfhemoglobin concen-

tration in a clinical case has been accomplished

No consistent changes in the absorption spectra of mixtures of

Hb and SHb took place with variations in pH from 6 2 to 10 4.

It is of interest, however, that solutions of hemoglobin through

which H2S was bubbled became somewhat more acid. The

acidity of H2S {Ki = 9 0 X 10“"^®) may partly account for a

marked drop in pH, 9 2 to 6.7, observed m solutions buffered

with Na2B407. This explanation, however, cannot be applied

to a slight though consistent low'ering of pH, 7 0 to 6.83 and 7.0

to 6.23, of solutions buffered with phosphate. The possibility

that acid was produced by the oxidation of H2S must be con-

sidered.

with CO2 + Na, then with N2 ,
equilibrated with pure H2S in tonometer,

transferred to cell with minimal exposure to air, and read, Curve 2, Hb +
SHb, preceding solution after exposure to air; Curve 3, reduced hemo-

ohromogen Total pigment 0 087 mM per liter, borate buffer (pH 0 2) 5

mM per liter, exposed to H2S for 4 minutes, NaOH then added to 87 mM per

liter, no change on addmg ]Sfa2S204 ;
Curve 4, reduced hemochromogen

Total pigment 0 101 mM per liter, borate buffer (pH 9 2) 5 mM per liter, ex-

posed to HaS for 4 minutes, pyridine added to 60 per cent, no change on

adding Na2S204 ;
Curve 6, SMHb Total pigment 0 151 mM per liter, trans-

formed to MHb by addition of K3Fe(CN)fi, 0 158 mM per liter, phosphate

buffer (pH 5 9) 7 mM per liter The acid MHb was exposed to H2S for 5

seconds. An identical spectrum was obtained from MHbCN by treatment

with H2S
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Reduced hemoglobin was not converted to SHb upon exposure

to HaS, unless O2 was available (Fig, 5, Curves 1 and 2). Mix-

tures of Hb + SHb were converted to typical reduced hemo-

chromogens (11) by the addition of pyridine or alkali in excess

(Fig 5, Curves 3 and 4). Conversion to reduced hemochromogen

suggests that our preparations of SHb are in a reduced condition.

In confirmation of Keilin's experiments (12) we have found

that a characteristic pigment, which may be designated as sulf-

methemoglobin (SMHbh was produced when MHb was exposed

to H2S (Fig. 5, Curve 5). In these experiments it was important

to avoid any excess of K3Fe(CN)6 to insure against the precipita-

tion of pigmented material which otherwise occurred. SMHb,
in contrast to SHb (see Curve 3, Fig. 3), could be converted to

its parent pigment. Upon exposure to air, reconversion of SMHb
to MHb took place; the MHb so formed was convertible to typi-

cal MHbCN upon the addition of KCN and to typical Hb upon

the addition of

We have not found a suitable explanation for the need of O2

in the production of SHb from Hb. The formation of SHb did

not occur in solutions of HbOa exposed to SO2 .

SUMMARY

The absorption spectra of Hb02, Hb, HbCO, and MHbCN
yielded by solutions prepared from hemolyzed washed erythro-

cytes have been presented. Such solutions have been found

preferable for precise spectrophotometric analysis rather than cor-

responding preparations from hemolyzed whole blood.

The absorption spectrum of HbNO was obtained under condi-

tions which excluded the presence of O2 . The conversion of this

pigment to MHb has been demonstrated HbNO is probably a

relatively stable analogue of HbOa.

Data have been presented which indicate that the absorption

spectrum of pure SHb probably has not been described heretofore.

The absorption curve of this pigment has been extrapolated from
our data upon mixtures of Hb + SHb. For the first time the

quantitative estimation of SHb in the blood of a patient with
clinical sulfhemoglobinemia has been accomplished. SHb was
formed from Hb only m the presence of oxygen The pigment
was not convertible to Hb or MHbCN, but was readily changed
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into typical hemochromogens. Solutions of Hb increase in

acidity upon exposure to H2S.

SMHb, a characteristic pigment described by Keilin (12), was
obtained from MHb by treatment with H2S. A pigment yielding

the spectrum of SMHb was obtained also by the exposure of

MHbCN to HaS.
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Much of the important literature upon methemoglobin has

been discussed briefly by Peters and Van Slyke (1) up to 1928

and by Maurer (2) to 1930. Conant (3) has recently reviewed

those aspects of the methemoglobin problem in which he and his

associates have been especially interested. Other papers directly

related to our studies will be referred to in discussing our results

The present study is concerned with spectrophotometric

measurements on methemoglobin produced by oxidizing with

K3Fe(CN) 6 , NaNOa, or qumone, the oxyhemoglobin of solutions

prepared by hemolyzing washed dog erythrocytes. We have

obtained absorption constants for methemoglobin at known values

for pH and ionic strength. The curve of transition from the

acid to alkaline form is shown. The rate and extent of oxidation

as influenced by the kind and amount of the various oxidants

used is reported. A method is described for estimating spectro-

photometrically the proportions of two pigments in a mixture by
the use of a summation of the change in the extinction coefficients

at any desired number of selected wave-lengths.

Methods

As noted in our previous paper (4) concentration of hemoglobin

is expressed in mM per hter, where 1 mole signifies 1 mole of

porphyrin, equivalent to 1 gm. atom of Fe or 1 mole of O2 ca-

* A preliminary report of this study appeared in the Proceedings of the

American Society of Biological Chemists (Drabkin, D L
,
and Austin, J H

,

BioL Chem
, 106, xxiii (1934)).
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pacity. As absorption constants we employ €(c = 1 mM per

liter, d — 1 cm ).

A solution of hemolyzed, washed erythrocytes from the dog was

prepared as previously described (4). From this solution were

prepared quantitatively the various experimental solutions and

a solution of MHbCN (4) for determining the concentration of

total pigment. The MHbCN solution was read spectrophoto-

metrically at X 540, 545, and 551 m/x for which our values for

€(c = 1 mM per hter, d = 1 cm) are 11.5, 11 5, and 11.1 respec-

tively. The absorption m the visible spectrum by K3Fe(CN)6

and K4Fe(CN) 6, in the concentrations used m our experiments,

is entirely negligible (4) and required no correction

This method of measurmg the total concentration of pigment

is superior to the methods based upon the extinction coefficient

of methemoglobin, MHb, itself at certain wave-lengths, such as

those at which the absorption is mdependent of pH Hauro-

witz (5) proposed the measurement of the concentration of MHb
based on its absorption at X 623 m}Xy the wave-length at which

in his data the extinction coefficients of the acid and alkaline

forms coincided. With the method he proposed, one is depend-

ent on a readmg at a single wave-length; the error of readmg in

the red region of the spectrum, moreover, is relatively large and

the specific absorption of MHb at X 623 mii is only one-third

that of MHbCN between X 540 and 551 wju. The constants re-

ported by Haurowitz are based, furthermore, on a smgle crystal-

line preparation of MHb Whatever advantages there may be

for certain purposes in using crystalline preparations, there can

be little doubt that, for establishmg constants, preparations of

the sort we have employed possess the advantage of greater

reproducibihty.

It seems to us important in describing such studies as we are

reportmg on hemoglobm derivatives to specify as completely

as possible the composition of the solutions employed and the

time relations involved m their preparation. The ionic strength,

pH, the order in which reagents are added (m some instances),

and the time elapsmg at various stages of the preparation, may
affect the final result. W'e have called attention to the impor-
tance of time relations (6) in the case of a dilute oxyhemoglobin
solution, the concentration of which was 0 01 mM per liter, and
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in our study on sulfhemoglobin (4). The importance of time

will be pointed out in this paper in connection with all three

oxidants and again in a later paper dealing with hemochromogens.

Calculaiion of Relahve Proportion of Two Components in a Mixture

For this purpose we have used a method w*hich permits employ-

ing simultaneously extmction coefficients obtamed at as many
wave-lengths as may be desired, but provides in a simple way that

the weight given to the values at any wave-length is proportional

to the difference in e for the two component forms at that wave-

length. This method is in general superior to those based on w'ave-

lengths used singly or in pairs or on ratios between values at two

wave-lengths. The method is as follows: Let A and B be the two

components, andM the mixture. At each wave-length to be used

the difference from = 1 mM per liter) for A to tie = 1 niM per

liter) for B is measured; the arithmetical sum of these is deter-

mined, and this summation of the total change at these wave-

lengths may be designated S r = At the same wave-

lengths is measured the difference in the same direction from

e(c = 1 mM per liter) for A to = 1 niM per liter) for any mixture,

i¥, of the two forms. The sum of these values, the summation

of the partial change, may be designated 2^ = The
ratio, r = measures the fraction of form 5, and 1 — r gives

the fraction of form A m the mixture Wave-lengths near the

extreme red or blue of the spectrum are less desirable because of

the greater error of reading, and those wave-lengths are to be

avoided at which, for either component, the slope of the absorption

curv’^e is steep.

EXPEEIMENTAL

Meihemoglobin from Oxidation of Oxyhemoglobin by KzFe[CN)^

Effect ofpH and Ionic Strength—^An HbOa solution was converted

to MHb, a molar ratio of K3Fe(CN)6:Hb02 = 8 16:1 being used

This MHb w^as then buffered with phosphate, borate-HCl, or

borate-NaOH to the desired pH, which was measured with a glass

electrode The iomc strength of the buffer and ferncyanide was

calculated The composition of each solution is givenm the legend

of Fig 1 What contribution the hemoglobin ion may make to

the ionic strength is uncertain If from the base-binding capacity

at pH 9 15 we assume a valence of 6 per mole of oxygen capacity,
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Fig. 1 Curves of methemoglobin from K3Fe(CN)6 buffered to various

pH values. Molar ratio K8Fe(CN)(( total Hb = 8 6; total Hb = 0.107 mu
per liter.

Solution
No BujBFer pH Ionic strengtli

M

1 Phosphate 6 05 0 032

2 u
7.07 0 052

3
«

7.48 0 062

4 « 780 0 070

5 ((
8 04 0 077

6 Borate-HCI 8 66 0 022
7 (C

8 79 0 029
8 ti

9 00 0 043
9 Borate 9 15 0 060

11 Borate-NaOH 9 9

1

Na2B,07,
6 BUI, NaOH.

1
8 mu per liter

12
1

Curve calculated by extrapolation for alkaline MHb (see text)

then at the concentration of 0.107 nxM per liter the hemoglobin
would contribute 0.004 to the ionic strength. We uifer that it may
be neglected for the purposes of our study.

At pH values somewhat less than 6 a tendency for the solution
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to become turbid rendered readings unreliable, doubtless because

of approach to the isoelectric point; turbidity increased with falling

pH until, at about pH 3, return to solution as acid hematin oc-

Fia. 2. Curves showing transition from alkaline methemoglobin toward

alkaline hematin at pH above 10 Total Hb, Solution 13, 0 107 mai per

liter, others 0 207 mM per liter Molar ratio KsFeCCN)^ ‘ Hb is 8 6 for

Solution 13 and 6 1 for others. Buffers in mM per liter.

Solution No pH Buffers

13 11 0 5 NasBiOi, 10 NaOH
80 10 0 6 3 “ 18 8 NaiCO,, 47 NaCl

81 11 0 0 7 “ 24 3 “ 47 “

82 11 5 5 NaOH, 181 NaCl
83 13 100 KOH, 150 NaCl
84 13 100

12 Curve calculated by extrapolation for alkalilie MHb

curred. IVom pH 6.05 to 9.9 a gradual and reversible transition,

as shown in Fig. 1, occurred m the character of the absorption.

Our results are in general similar to those of Haurowitz (6), but

with significant differences m the constants Our curves, like
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those of Hari (7), show two of the so called ‘hsobestic points’^ (8) at

about X 615 and 520 Such isobestic points are characteristic

of indicators. Both points in our data are, as compared with those

of Haurowitz, shifted toward the blue by 8 to 5 my., and are m this

respect m agreement with the data of Hdri. This may be ascribed

most probably to the less accurate of apparatus employed by

Haurowitz.

At more alkaline values than pH 10 a more irregular and variable

alteration in absorption was noted, as shown m Fig. 2, and this

tended to be progressive with time. This we interpret as slow

alteration tcward alkaline hematm at these more alkalme reactions.

The method described above for calculating the proportions of

two components was applied to the data of Fig 1, with the sum-

mation (Sp) of the deviations of the values of e{c = 1 mM per liter)

at X 630, 675, 560, and 540 m/i from those of Solution 1 at pH 6 05.

Nine similar solutions were included, three with phosphate buffers

and SIX with borate-HCl or borate-NaOH. These data are shown

as clear circles in Fig, 3, where the ordinate is

Sp ^ Sp _ alkaline MHb
Sr '

17 80
“

total MHb

The data closely approximate the solid curve for the equation

pH 8 12 + log
[MHb lalkaline

[MHblacid

Inspection of the m conjunction the figures showmg
ionic strength mdicated a systematic deviation correlated with

the ionic strength. From the data on six solutions near the mid-
point of the curve, it Avas found that

* ^Vionic strength

where a was approximately 0.6,

Using this value, we corrected the measured pH values to an
ionic strength of 0.10. The resulting fit to the theoretical curve is

shown in Fig. 3 by the solid dots. The standard deviation of pH
in these fifteen observations from the theoretical curve is 0.039 =fc:

0.007.

The value of pK^ in our data is 8.12 zfc 0 010, at an ionic strength
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of 0.10, a figure whicli we consider more precisely determined than

those reported by Hartridge (9) and by Haurowitz (5). This

example illustrates the accuracy which one may attain, under

controlled conditions, in the spectrophotometric estimation of two
pigments m a solution, with our method of calculation. The
r61e of iomc strength in this change of MHb has not been hitherto

Fig. 3. Partition of acid and alkaline methemoglobin against pH from

^^^acid ^mixture

at X 630, 575, 560, and 540 Curve for pH = 8.12

^alkalme

+ log — — 1 where MHbaik is the fraction in alkaline form of the
1 — MHbaik

total MHb, The clear circles represent observed values at varying ionic

strength, the solid dots, observed values with pH corrected to ionic strength

of 0.10 (see text). From corrected values, pK' ~ 8 120 d= 0 010, standard

deviation = 0 039 ± 0 007 The scale at the right is S r = SA^HbOa gMHb for

X 630, 575, 560, and 540 m/A for the proportion of acid and alkaline forms shown

on the scale at the left, or for pH where the curve intersects the ordinate.

demonstrated. From the above and similar data for X 600 mii we
have obtamed Curve 12 of Figs 1 and 2 by extrapolation. We
consider this the best approximation to the absorption curve for

100 per cent alkaline MHb, although it is probable that the pig-

ment IS too unstable to be obtamed unaccompanied by other deriv-

atives, which give the change in absorption mdicated in Fig. 2.

Between pH 9 2 and 7 0 the change from the acid to the alkaline

form of MHb appears to be reversible.
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Tttrahon of HbO^ with K^e{CN)t—Unbuffered HbOs solutions

were titrated, in contact with air, with KsFeCCN)* (see Table I,

Solutions 25 to 32, Fig. 4, solid dots) The pH, estimated by

interpolation from the curves in F^. 1 for the pigment converted

fully to MHb, was approximately 7 6 A similar titration was

carried out on HbOa buffered with phosphate at pH 7.14, deter-

mined by the glass electrode (Table I, Solutions 33 to 35, Fig. 4,

Pig 4 Spectrophotometncally measured mixtures of oxyhemoglobm
and methemoglobin plotted against molar ratio of KaFe(CN)t total Hb.
Circle around a cross represents reading for pH 6 0, read after 22 minutes,

crosses, pH 7 14; solid dots, pH 7 6; dotted line square, pH 9.2, read after

20 minutes; clear square, same read after 80 minutes; solid square, same i ead
after 48 hours

crosses). In Fig. 4 are drawn the best straight Imes through the

experimental points and origin. To two HbOa solutions, one
(Solution 86) buffered with phosphate to pH 6.0, the other (Solu-

tion 88) with borate to pH 9.2, K3Fe(Cl^B was added to give a
molar ratio of K3Fe(CN)6tHb02 of 0 985 The extent of conver-

.rion plotted against ratio of K8Fe(CN)8:Hb02 is ^own in Fig. 4.

At pH 6.0 with a 1:1 M ratio of K3Fe(CN) 6:HbOs the HbOj was
completely converted withm approximately 20 mmutes to MHb
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As the solution, in contact with air, was made more alkaline, the

reaction became much slower and was not completed at a 1:1 m
ratio Meier and his associates (10, 11) reported as high as 98

per cent conversion of Hb02 at a 1 : 1 m ratio with K3Fe(CN)6 at

pH —7 0, havmg made their measurements with the Barcroft

gasometric method. Their data likewise showed the diminished

conversion at higher pH.

Methemoglobin from Oxyhemoghbin %n Presence of NaN02

Titration of HhO^ mth NdN02—^The reaction between Hb02
and NaN02 in contact with air, either unbuffered or buffered with

phosphate at pH 7 1, was different in some respects, as is showm in

Table II and Fig. 5, from that with K3Fe(CN)6. There was little

or no promptly recognizable conversion to MHb following the

addition of the first portions of nitrite. After w’-e had added to a

given preparation of HbOa a certain amount of nitrite without

recognizable early effect, further addition of mtrite promptly con-

verted the Hb02 to MHb or possibly to a mixture of MHb and

some other pigment. For about every 0.5 to 0 7 mole of additional

nitrite added, 1 mole of Hb02 was converted rapidly to MHb.
The amount of nitrite which could be added without prompt oxi-

dation of Hb02 varied with different preparations, from a molar

ratio of 0.24 in the preparation from which Solutions 50 to 54 were

made, to a molar ratio of 0 87 in the preparation from which

Solutions 43 to 44 were made When, however, many hours had

elapsed after adding only the first portion of nitrite, we foimd the

Hb02 eventually converted to MHb at a molar ratio of

Hb02:NaN02 = 1:0 7 (see Fig 5, Solutions 46 to 49, made up

from the same preparation of Hb02 as Solutions 43 to 45).

The reaction of HbOa preparations (in contact with air) with

small amounts of mtrite was a slow reaction and probably involved

a prelimmary reaction of the nitrite with some constituent of the

solution w’hich gradually released the oxidant effective in the

conversion of the Hb02 to MHb. With larger quantities of nitrite

a reaction which was relatively lapid made its appearance In

both types of reaction the nitrite effective appeared to convert

1 mole of Hb02 for each 0 5 to 0 7 mole of NaN02
In Table II the values for S t may be compared with values at

the same pH for MHb derived wnth K8Fe(CN)6. These latter



Table

II

SveciTophoiovieiric

Readings

on

Solutions

of

Oxyhemoglobin

Oxidized

with

NaNOi

78 Spectrophotometry of Methemoglobin

++
. ee 1 OO<0

S5 Si e5 S S5 S5 SfeSfl

n S §S S S § a g 3 g g g g S
ooo»-ioooooooooth

4“

M
cococoeocoeococooooooooooooo oo

V
M '^S8S3“»'^SS°»'2S^‘a!?S§S^SS

1
&
A
a
a

n

u
w

gSSSSSSo Sgg
C0Q0030»03000dO 0)0000

O 00 IQ
CO tH ^
O) O) 00

!» <D00Oa)t>CD000>iOC00000000)0)0)O)C000

<•<

00 lO 1>
U3 CO

00 00 00
iQCOOQCOOOOuO-i-HTtiOiiOiOTtlCDCO^PO^O)e^iH«CO»0’^'«4ilOCOCOTHCOCOC50t^l>Q01>
2joo«o<ocgj2oofr«^go>t^t^t*oot^ir*t^oo

g&gsssggggsssses^es
00iiST}<Tj<00 001>iOO)i>»f5»O»OiOiQiOiQiO«O

§SaS8gSS8SgSSSS«SE;3
Tt<cOTH'^CO'iHcPiO»OC<lb*»r5»0»jOiO*OiOiQ<0

X
Ss3SSSSSS55ggg3SS?SS:gfe
wcoeocoeocQTH'^tHeqco'^^cO’^THcocoeo

of 838
CO CO

S| 8gS3g£;3sSg3Sg8833!3^g
OCOTH^(MCS|COTj<OWCOeCCOTH^'^THTt<T}<

§1 §Sgg2i8S8 3gg
O O ^ O tH r—J iM 1-4 1-4

gSoS
o o o

Inter- val before

reading

g' •
t- 1*- t>-

gfe COCOOOOOOOcOeOOOOOOOOOiOuOlO

WA

009 €09 «iCKOlOiOiOlOiOiO*
i-4i-4i-ir4i-ii-4i-lT-40000000000000000000

3

1

»

r

gg8t-SgS^§3^SS^S;gggg^‘
ooi-Jicooooooooi-ceq-^OiHi-Hi^i

m
^tSSKggPSgggggggggggg
^ ooooooooooooooooooo

iSo
IJjzi

? •?

5g^!§§^§§g-3«g55gg5;ggg



•S,=

SA,HbO.

...solution

atX630,576,560,640»nM

For

are

used

the

average

HbO,

values

shown

m

Table

I.

1
2j.

indicates

the*

value

assumed

for

complete

conversion

to

the

oxidized

form;

its

source

is

indicated

by

the

value

in

bold-

J. H. Austin and D. L. Drabkin

§

'O

I

I
P

§
P

I

p
>

P
bO
03

I
P

I
bO

B

I
§

’a

§
p
p
n£l

P
0 M
s S5
e3 m
l> §
rS 'g

1 I

g

. M
a 2 §

IM
H ^
1^1® *rt

^ p
^ I"®
S •§ §
.2 J a

^ -s a

S -M =
^ ns OJ g P J§

1) § P ^ P
*13 »JQp -

0:2
o

43 -i *3

o -S

•I'SIS I

•s

s.

CO d

spI
^ I
w g

S ^ -

^ g i I;|s2s
.S

P sS

-o S
ils

11
s'

si

t«r

d

•I

s

79



80 Spectrophotometry of Methemoglobin

values may be read from the right-hand scale of Fig, 3 for the

corresponding pH and the values so selected are shown in the last

column of Table II. In Solution 45, Table II, oxidized with

NaN02, the agreement of S r, 27 3, with S t, 27 1, obtained with

K3Fe(CN)6 at pH 7 15 is excellent. In Solution 65 (S t, 24.8), for

w^hich the pH is not accurately known, the comparison cannot be

Fig 5 Showing rapid conversion of oxyhemoglobin to methemoglobin
by nitrite added in excess of a limit peculiar to each preparation. (For
final composition of solutions see Table II; numbers at the points coi re-

spond to the solution numbers of Table II ) The readings indicated by
crosses are for Solutions 50 to 54, in buffered solutions; the solid dots,

Solutions 43, 44, standmg 2 hours with NaN02 then buffered and read; the
solid square, Solution 43, read again after standing 24 hours, following the
addition of buffer; the clear circles, Solutions 46 to 49, standmg 24 hours
with nitrite, then buffered and read at once

made. When the amount of nitrite was increased, as in Solutions

56 and 57, the absorption increased, especially at X 575, 660, and
540 m/i, with resulting diminution of 2 r The effect was most
marked in Solution 60. This elevation of the absorption curve
with molar ratios of NaN02:Hb02 greater than 4 1 is such as

w^ould occur if the solution contained a mixture of MHb and
HbNO (4), Meier (12) presented evidence that a mixture of
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Table III

Progressive Oxidation after Adding Varying Amounts of Quinone to Oxyhemo-
globin Buffered with Phosphate IS mar per Liter at pH 7.07 Total

Pigment 0 120 mu per Liter

Solu- Qumone (m)
Inter-
val

tion
No Total Hb (M) before

reading
X 660

mti

64-a 1 0

hra

0 33

64-b 1 0

64-c 1 0 21 85 1 47

64-d 1 0 45 47 1 62

64-e 1 0 IsSXi
64-f 1 0 Wmi
65-a 2 5 0 1 22

65-b 2 5 7 33 I 42

65-c 2 5 21 85 1 70

65-d 2 5 45 37 1 92

65-e 2 5

65-f 2 5 76 51

65-g 2 5 93 39

66-a 5 0 1 35

66-b 5 0 7 26 1 69

66-c 5 0 21 81 1 97

66-d 5 0 27 35 1 96

66-e 5 0 45 13 2 05

66-f 5 0 52 56

66-g 5 0 69 73 mm
67-a 15 0 MIMlItl

67-b 15 0 0 14 mm
67-c 15 0 1 87

67-d 15 0 0 54 1 87

67-e 15 0 2 68 1 89

67-f 15 0 25 95 1 99

e(c« 1 mM per iter)

Srt
S..

X 630| X HI X575 XHm X 520
S3

2 T
mil

j

mu mu mil mil mu
1

1 24 1 60 8 85 14 92 6 48 27 0
1 47 1 75 14 9 13 m6 85 2 93 27 0 a 11

2 12 2 40 11 39 aRiii11 61 7 21 9 65 0 36

3 22 3m 8 87 6 36 9 82 7 50 16m a 59

3 71 3 31 7 37 5 77 8 51 7 55 19 89 27 0 i 74

4 11 3 82 6 21 5 51 7 54 7 81 21 68 27 0 0 m
1 37 1 94 15 24 9 51 14 82 7 13 0 26 2 1 00

1 69 1 97 13 56 8 25 13 49 7 21 4 59 26 2 17

3 26 3 9 45 7 06m 53 7 98 14 42 26 2 55

4 19 3 76 6 25 80 8 03 8 15 22 31 26 2

4 31 3 88 5 51 m 7 38 7 79 24 28 26 2 0 93

4 29 3m 5 75 5 49 7 46 7 81 23 79 26 2

3 82 4 22DEl 6 90 8 84 8m 19m 26 2

1 45 1 99 15 35 9 70 14 82 7 21 0 25 0
a

00

2 36 2 47 12m3 90 12 51 7 50 8 35 33

4 26 3 76 7 79 6 75 9 55 8 42 18 67 25 0 0 75

4 29 3 91 7 14 6 33 8 81 8 40m 51 25 0 0 82

4 32 3 84 37 5 18 7 29 8 11 24 95 25 0 1 00

4 32 3 84 37 5 25 7 21 8mm OR n 1 00

4 32 3 88 5 17 7 30 7 79 24 98 1 00

3 48 3 44 7 32m 12 8 74 15 68 0 78

3 88 3 52B 95 7 10 9 96 9 12 17 37 0 87

3 94 3 51B 21 6 76 9EE 9 21 19 0 95

4 11 3 59E 10 6 68 9 37 9 21 19 ^E 0 *97

4 13 3 56 7 10 6 76 g 50 9 31 19 ^E
9
96

4 35 4 06 7 01 7 9 45 9 62 19 38M 97

* Sp — 2/A^ji[t03 ^solution ^ 630j 570j 560j 540 772/t. VflluB for for

Solution 64 taken from Solution 64-a; for Solution 65 from Solution 65-a; for

Solutions 66 and 67 from Solution 66-a.

t Sr for pH 7 07 from Fig 8 is 27 5 Sy for Solution 66, taken as the

average of Solutions 66-f and 66-g = 25 0. The difference 27 5 — 25 0 =
2 5 IS attributed to light absorption from quinone. For other solutions this

disturbing absorption is assumed proportional to the qumone concentra-

tion, giving for Solution 64, 0 5; for No 65, 1 3; for No 67, 7.5; hence the

Sr values shown are calculated
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Fiq, 6 Gonversion of oxyhemoglobin to methemoglobin in dilute solu-

tion. Solid line curves, Group A (to be read against “A” scale), heavy
line, Solution 70, Hb02 0 010 mM per liter m borate buffer 25 mM per liter,

pH 9.2, kept at 4° 60 hours; light line, calculated curve for 0 316 MHb,
pH 9.2, + 0.684 Hb02. Dot and dash line curves, Group B (to be read
against “B” scale); heavy line. Solution 70, as above, kept at 4° 84 hours;
light line, calculated curve for 0 402 MHb, pH 9 2, + 0.598 Hb02 . Dash
line curves, Group C (to be read against “C” scale); heavy line. Solution
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MHb and HbNO results when NaN02 acts on reduced hemo-

globin in the absence of air. Haurowitz (6) interpreted similarly

his absorption curves obtained from the derivative produced by
the action of KNO2 on Hb02 exposed to air. Our data upon
solutions with excess of NaN02 are not inconsistent with this

interpretation.

Meier (12) noted that NaN02 does not convert hemoglobin at

weakly alkaline pH. We find likewise that NaN02 added to

Hb02 buffered with borate to pH 9 2 induced no change m the

spectrum of Hb02, at least within a few hours. However, a

spectrum essentially identical with that of MHb produced with

K3Fe(CN)6 at pH 9 2 was obtamed with nitrite, when this reagent

was added in excess to an unbuffered Hb02 solution and the

resulting derivative subsequently buffered with borate to pH 9,2,

Methemogldbin from Qmnone—^It has been noted (10-12) that

complete conversion of Hb02 to MHb by means of quinone requires

many times the molar ratio of oxidant to hemoglobin.

Hemolyzed cells buffered with phosphate at pH 7.0 were added

to flasks containmg appropriate amounts of quinone to give molar

ratios of Hb02* quinone of 10, 2.5, 5.0, and 15 0. Table III

shows the extent of the conversion and the time relationships

involved. For the three molar ratios, 1.0, 2.5, and 5 0, the rate of

change was approximately proportional to the quinone concen-

tration; but the rate at molar ratio 16 was about 800 times the

rate at molar ratio 5. The curve obtained with excess of qumone,

when the reaction had gone to completion, for example in Solutions

66-e to 66-g, differed somewhat from that obtained from MHb
produced with ferricyanide at the same pH, being higher at

X 575, 560, and 540 mjLt, At pH 9 2, the curve was higher through-

out. With extreme excess of quinone the absorption was increased

further still, as may be seen by comparing the values of e for

Solutions 66-e to 66-g with Solutions 67-c to 67-f. We attribute

this effect to absorption by other products derived from the

qumone and not to incomplete conversion of Hb02 to MHb.

70 treated after 84 hours at 4® with excess of KCN; light line, calculated

curve for 0.471 MHbCN + 0 529 HbOa. Dotted line curves, Group D (to

be read against *'D*’ scale) : heavy line, same as Group C but kept 48 hours

longer in the presence of excess KCN at 4°; light line, calculated curve for

0.854MHbCN + 0.146 HbOa.
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Solutions of MHb prepared with quinone yielded, after the

addition of an excess of KCN, absorption curves closely resembling

those of ordinary MHbCN, though somewhat higher presumably

owing to the same disturbing absorption attributed to quinone

products.

Methemoglobin from Oxyhemoglobin m DtliUe Aqueom Solutions,

Standing in Contact with Air

Either in phosphate buffer at pH 7 0 or m borate buffer at pH
9.2 a dilute solution (0.01 mw per liter) of Hb02, m contact with

Fig 7. Shoeing values for ratios ofex tit/exseo (solid lines) and of ex mo
< x ISO (broken lines) at varying mixtures of oxyhemoglobin and methemo-
globin and for differentpH values MHb HbOj = total hemoglobin

air, underwent gradual conversion to MHb, as shown for the

solution at pH 92 m Fig 6 (curves of Groups A and B). The
light lines show the calculated curves for those mixtures of MHb
and HbOs, which correspond most closely with the observed

curves. After the solutions had stood for 84 hours KCN was
added to them Upon the addition of the cyanide, the MHb,
which had been produced on standing, was promptly converted to

MHbCN (Fig. 6, Group C). Durmg the next 48 hours the con-
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version of Hb02 continued at about the same rate as before the

addition of KCN The curves (Fig. 6, Group T>) obtained at this

time corresponded closely with that calculated for 0,85 MHbCN +
0.15 Hb02 Doubt has at times been expressed as to whether the

pigment which forms from Hb02 in dilute solutions, standing in

contact with air, is indeed MHb In the present experiments

there can be little doubt that this was the case. It is also of

Fig, 8 Values for Sp = ZA^HbOa
^

^nuxtare at X 630, 575, 560, and 540 rnn for

varying mixtures of oxyhemoglobin and methemoglobin at varjdng pH
MHb + Hb02 = total hemoglobin.

mterest that removal of MHb by converting it to MHbCN had

little if any effect on the rate of disappearance of the Hb02. At

pH 7.0 the conversion to MHb was about 30 per cent faster than

at pH 9 2 These solutions, while standuig, were kept at refrigera-

tor temperature, but were not sterile, and bacterial action has not

been excluded; no grossly recognizable bacterial decomposition

occurred.
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Spectrophotometric Estimation of Methemoglobin in Mixtures with

Oxyhemoglobin

A method which has been advocated for estimating spectro-

photometrically the amount of MHb in mixtures with Hb02 is the

use of the ratio of e at X 575 or 540 mp to e at X 660 my. Oddly

enough the ratio €x 64oAx 6eo is often the one recommended. Fig. 7

shows these ratios for various mixtures of HbO^ and MHb at

various pH values. The ratio €X 675/€X 660 is obviously preferable,

both because the change in this ratio is greater and because it is

less influenced by pH. If we assume an error of d=0,05 for €(c = 1

mM per hter), then the error of these ratios, if pH be known, is

about 1 per cent. This corresponds for €x ersAx bbo, as may be seen

from Fig 7, to an error of from 5 to 0 5 parts of MHb per 100 of

total pigment, depending on the region of the curve being read.

For 6x b4oAx 660 the error is greater.

Provided the pH be knovm, the method of choice is the use of

Sp/S T as explained in the text, where

Sp = SA HbOa mixture

€ > 6

and

Sr = SA HbOj MHb
6 > e

at X 630, 575, 560, and 540 my at the pH of the solution The
values for this ratio at var3rmg pH values are shown in Fig. 8.

For an error of dz0.05 for e(c = 1 mM per liter) the error for MHb
IS only 0 2 to 0.3 part per 100. This method requires measure-

ment of three values or sets of values: (1) the spectrophotometric

extinction coejfficients of the mixture at X 630, 676, 560, and 540

?ny; (2) the pH of the mixture; (3) the concentration of total pig-

ment by the conversion of the pigment to MHbCN, and measure-

ment of its concentration spectrophotometrically.

SUMMARY

1. Spectrophotometric constants are given for methemoglobin,

MHb, derived from washed, hemolyzed dog erythrocytes treated

with K3Fe(CN)6 at variouspH values and at known ionic strengths.

From pH 6.0 to pH 9 4 the pigment undergoes conversion from
the acid to alkaline form, the conversion conforming closely to the

equation
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pH = pK' + log
IMUbalkaline

The value for pK' at an ionic strength of 0.10 is 8.120 =b 0.010;

and very roughly

^pK' 0,6 ^Viomc strength

at least below an ionic strength of 0.154.

2. At about pH 9 4, where 95 per cent of methemoglobin is in

the alkaline form, an alteration sets m, which is increased at

higher pH values and which progresses with time This altera-

tion appears spectrophotometrically to be in the direction of alka-

line hematin. Between pH 7.0 and 9.2, the change between the

acid and alkaline form of methemoglobin is reversible.

3. Titration of oxyhemoglobin with K3Fe(CN)6, m contact with

air, shows that oxyhemoglobin is converted to methemoglobm
completely at pH 6.0 vithin 20 minutes by a mole to mole ratio

of reductant to oxidant. As the pH rises an excess of K3Fe(CN)e

is required to complete the conversion, and for a given ratio of

K3Fe(CN)6:Hb02 the reaction proceeds more slowly.

4 On treating our oxyhemoglobm solutions with small amounts

of nitrite there is a slow reaction in which the nitrite appears to

act only indirectly on the oxyhemoglobin, the rate of this reaction

is accelerated at lower pH values. Nitrite added in excess of an

amount characteristic for a particular preparation gives immediate

conversion to methemoglobin. 1 mole of oxyhemoglobin is

converted for every 0 5 to 0 7 mole of NaN02 effective in the reac-

tion With quantities of mtrite m excess of a molar ratio of 4.1

at pH about 7.16 the resulting absorption curve is higher at X 575,

560, and 540 m/4 than that obtamed with K3Fe(CN)6. The
observed absorption curve is not inconsistent with that which

would result from a mixture of methemoglobm and mtric oxide

hemoglobin. At pH 9.2, NaN03 did not convert oxyhemoglobin

in contact with air to methemoglobin. If methemoglobm be

produced with NaN02 m unbuffered solution and then buffered to

pH 9.2, it gives a spectrum essentially identical with that of

methemoglobm produced with K3Fe(CN)6 at pH 9.2.

5 There is a slow reaction between oxyhemoglobin and small

amounts of qumone m contact with air, but progressing with the
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lapse of time to at least 80 per cent conversion at a 1 :

1

m ratio; a

very much more rapid reaction occurs with considerable excess of

quinone. The absorption curve of methemoglobm derived with

qumone is somewhat higher than that of methemoglobm obtained

with ferricyanide; this may be due to by-products Addition of

KCN produces the spectral curve characteristic of cyanmethemo-

globin, except that it is likewise somewhat elevated

6 Oxyhemoglobin m a very dilute solution (0 01 mM per liter)

of hemolyzed dog erythrocytes underwent, on standmg 84 hours,

partial change into a pigment which was proved to be methemo-

globin. Addition of KCN converted the methemoglobm which

had formed into cyanmethemoglobm, and during a further 48

hours conversion of the oxyhemoglobin continued in the presence

of cyanide.

7. Graphs are presented for various mixtures of oxyhemoglobin

and methemoglobin at various pH values which show (1) the

ratios of 575 mu and €\54o 660 mit and (2) the summa-
tion of changes m what w^e have defined as Sp/2 r at X 630, 575,

560, and 540 mix. The use and advantages of the latter in the

quantitative estimation of methemoglobin m a mixture with oxy-

hemoglobin are discussed,
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Biological interest in hemochromogens has been revived in recent

years Anson and Mirsky (1) have shown that hemochroinogenb

are produced by the union of reduced hemin and a nitrogen-con-

taining compound. From the work of Warburg and Negelein (2)

there is some reason to believe that the respiratory ferment {At’

mungsferment) may have a hemochroniogen-like structure, thus

giving hemochromogens a direct biological significance. The
ease with which hemm unites with both simple and complex nitrog-

enous substances and the extreme ease with which such deriva-

tives are oxidized raise questions as to the possibility that hemo-

chromogens may play important r&les m the intermediary

metabolism of hemoglobm Reliable quantitative data upon the

absorption spectra of hemochromogens are needed. The values

for the absorption maxima presented by Haurowitz (3) are signifi-

cantly low, mdicatmg probably incomplete conversion to hemo-

chromogen Den^s (4), on the other hand, has published some

apparently trustworthy data upon reduced globm hemochromogen

prepared from crystalline horse hemoglobm
Our data have led us to adopt a use of terms which more exactly

fit the results than certain names now in use. The terms and their

defimtions follow.

Oxidized Hemm—^This term will be used for solutions of crystal-

* A preliminary report upon this work was presented before the meeting

of the American Society of Biological Chemists at Cmcmnati, and an

abstract of the report has appeared {J Biol Chem
, 100, xxwi (1933))
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line Cl-hemin, prepared from blood cells by a slight modification

of the acetic acid-sodium chloride procedure

Reduced Hemm—This term will be apphed to solutions of

oxidized hemin which have been treated with an excess of Na.2S204.

Reduced Hemochromogen—This term, in place of the older

hemochromogens will be used for solutions containing the product

of union of reduced hemin and a nitrogenous substance. The

same term will be used for solutions which have absorption spectra

which closely resemble that given by a solution containing the

compound of reduced hemin and a nitrogenous substance. The

absorption spectra of reduced hemochromogens are so character-

istic as to be unmistakable. For convenience in discussion the

term may be amplified to include the mtrogenous substance, for

example, reduced pyridine hemochromogen.

Oxidized Hemoehomogen—^This term will be apphed to solutions

w’hich yield fairly characteristic spectra, and which upon the addi-

tion of a strong reducing agent, Na2S204, are at once converted into

typical reduced hemochromogens Such solutions are obtained,

for example, w^hen reduced hemochromogens are exposed to air or

mild oxidation. Between the reduced and oxidized forms of

hemochromogen the following relation exists.

mild oxidant

Oxidized hemochromogen '

. ' '

reduced hemochromogen
strong reductant

The term oxidized hemochromogen seems called for because cer-

tam older usages are not unambiguous. Keilin (5) has used the

term parahematin m place of the older term cathemoglobin (6) to

describe analogous pigments. The term hematm, as used by
Anson and Mirsky (1) does not appear to fit the situation, since

oxidized hemochromogens are spectroscopically distinct from

hematins. Like Keilin's parahematins they may be converted to

hematins, but only after the action of strong acid or alkali.

Methods

The various procedures used have been described previously

(7), except for slight changes necessitated by the problem in hand.

For example, the light absorption of reduced hemochromogens is

such that the determinations had to be carried out upon solutions

approximately one-half the concentration usually employed for
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hemoglobin. The e values as heretofore are for 1 cm. of depth and

for a concentration of 1 mn (of Fe) per liter. Upon this basis the

ratio of equivalent weights of pure chlorohemin (8) and hemoglobin

(9) is 0 335 per cent Fe/8 57 per cent Fe = 1/25.6. Smce the

crystalline hemin prepared by us contained slightly less iron, the

actual conversion factor was 1/25 4, or 1 gm of chlorohemin =
1.52 mM of porphyrm.

Preparation of Chlorohemin

The method of Nencki and Zaleski (10) was modified mainly by
the use of washed blood cells instead of whole blood. The diluting

effect of serum was thereby avoided as well as the presence of serum

proteins and lipids. Smce the procedure resulted in a high yield

of a uniform preparation of large, beautiful crystals, it is briefly

outlined. Thoroughly washed dog blood cells (representing 500

cc. of fresh, defibrinated blood) were delivered from a separatory

funnel m a steady, broken stream mto approximately 6 volumes

of hot glacial acetic acid saturated with NaCl Durmg this

procedure fairly vigorous stirring was maintained, the tip of the

funnel being about 6 mches above the surface of the acid. The
temperature of the acid was kept at 90-87® by continued heating

in a water bath. No precipitate formed on the stirring rod or

beaker, so that filtration was unnecessary (whereas it is in the

older procedures).

The highly colored solution was maintamed at a temperature of

87-90° for 25 minutes after completing the addition of cells,

vigorous stirring being continued. The solution was then per-

mitted to cool gradually to room temperature. The first crop of

crystals formed after standmg at room temperature overnight

and was obtained by siphoning off the supernatant colored fluid.

After several days of standmg the solution yielded a second, almost

equal crop of crystals. Each batch of crystals was treated further

as follows; They were washed by standing under distilled water

overnight. The water was siphoned off. After two further, rapid

washings with small quantities of ice-cold distilled water, which

was siphoned off, the crystals were permitted to stand under a

small volume (a little less than the original volume of cells used)

of 65 per cent alcohol for 2 days. This procedure was repeated

with fresh 65 per cent alcohol After the alcohol was siphoned off,
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the crystals were dried for 3 days at 38®, collected upon watch-

glasses, and further dried in vacuum desiccators at 38®. A small

amount of crystals may be recovered from the alcohol washings

The total 3aeld of crystals -was 64 per cent of the theoretical. The
iron content, by the Kennedy method (11), was 8 50 per cent for

the first crop and 8 48 per cent for the second crop of crystals.

Fig 1 Oxidized and reduced hemin Curve 1 represents oxidized

henun, 0 152 mM per liter of hemin in 0 02 m borate buffer, pH about 12,

Curve 2, oxidized hemin, 0 061 mM per liter of hemm in 0.02 m borate buffer,

pH about 12, Curve 3, oxidized hemin, 0 051 mM per liter of hemin in 0 03

M borate buffer, pH about 10, Curve 4, reduced hemin, 0 024 mM per liter of

hemin in 0 02 m borate buffer, pH about 12, with approximately 4 mM per

liter of Na2S204 ; Curve 5, reduced hemin, 0 020 mM per liter of hemin in 0 02
M borate buffer, pH about 10, with approximately 4 mM per liter of Na2S204

Results

The absorption curves of oxidized and reduced hemin sm alkaline

solution (Fig. 1), though charactenstic, are relatively flat. Under
the conditions of our experiments the spectra of the oxidized form
were more reproducible. pH had no recognized influence on
absorption

Fig. 2 presents the spectra given by solutions of oxidized hemin
to which pure anhydrous pyridme was added. In contrast with

the ease with which pyridine (m the presence of air) produced
oxidized hemochromogen from Hb02 and the ease with which it

combined with reduced hemin, little evidence of reaction was
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obtained when pyridine alone was added to oiddized hemm
When both pyridine and KCN were added to this pigment, how-
ever, the solution yielded a spectrum characteristic, as will be seen

from later experiments, of oxidized hemochromogen (Curve 3,

Fig 2). Qualitatively the spectra of most oxidized hemochromo-

Fig 2 Oxidized hemin -^oxidized hemochromogen. Curve 1 represents

oxidized hemin, 0 061 mM per liter of hemin in 0 019 m borate buffer, pH
about 12, with 6 per cent of pyridine (760 niM per liter); Curve 2, oxidized

hemin + hemochromogen(7), 0 018 mM per liter of hemin in 0 019m borate

buffer, pH about 12, with 2 8 per cent of pyridine (366 mM per liter)

;

Curve 3, oxidized hemochromogen from hemin, 0 024 him per liter of hemm
in 0 015 M borate buffer, pH about 12, with 2 4 per cent of pyudine (304

mM per liter) and 0 003 m KCN

gens might be mistaken for that of alkaline methemoglobin (12),

although the resemblance is but superficial

Reduced hemin (or oxidized hemin in the presence of a strong

reducing agent) was completely converted into reduced pyridme

hemochromogen only when a sufficient excess of the nitrogenous base

was added to the hemm solution (Fig 3) In the preparation of



Fig. 3. Eeduced hemin reduced pyridine hemochromogen. Curve 1

represents reduced hemin, 0 0243 mM per liter of hemin in 0.020 u borate

buffer, pH about 12, with 2 4 per cent of pyridine (304 him per liter; M
pyridine to M hemin = 12,000) and approximately 4mM per liter of Na2Sa04;

Curve 2, partial conversion of reduced hemin to reduced pyridine hemo-

chromogen, 0 0080 mM per liter of hemin in 0 028 M borate buffer, pH about

10, with 0 ^ per cent of pyridine (81 mM per liter; m pyridine to M hemin *=

10,000) and approximately 4mM per liter of Na2S204 Prepared by diluting

2 5 with buffer a reduced solution containing 1 6 per cent of pyridine;

Curve 3, complete conversion of reduced hemin to reduced pyridine hemo-
chromogen, 0.0095 mM per liter of hemin in 0.019 M borate buffer, pH
about 12, with 1,72 per cent of pyridine (218 mM per liter; m pyridine to

M hemin — 24,000) and approximately4 mM per liter of Na2S204 Prepared

by adding pyridine from original concentration of 2 4 per cent (Curve 1)

to 4.3 per cent, then diluting 2 5 with buffer.

94



D. L'. Drabkin and J. H. Austin 95

Fig 4. Hemoglobin —» reduced globm hemocbromogen. Curve 1 repre-

sents partial conversion of Hb to reduced globin beniochromogen, 0.12 mM
per liter of Hb02, reduced to Hb by evacuation with N2 Read 5 minutes
after addition of NaOH to concentration of 0,009 m, pH about 11 8; Curve

2, partial conversion of Hb to reduced globin hemocbromogen. Same
solution as for Curve 1, read 30 minutes after addition of NaOH; Curve 3,

partial conversion of Hb to reduced globm hemocbromogen, 0 10 niM per

liter of HbOa, reduced to Hb by evacuation with Nj Read 35 mmutes after

addition of NaOH to concentration of 0 010 m, pH about 1L9; Curve 4,

reduced globin hemocbromogen (complete conversion from Hb), 0 23 mM
per liter of Hb02, reduced to Hb by evacuation with N 2 Read 40 minutes

after addition of NaOH to concentration of 0 008 m, pH about 11.6; Curve

5, reduced globin hemocbromogen from Hb Same solution as for Curve 4,

ye^d 80 minutes after addition of NaOH,
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reduced hemochi’omogens the element of Ume also appeared of

importance* Fig 4 depicts the spectra obtained by following the

gradual conversion of reduced hemoglobin (reduced by evacuation

m N2 and CO2) into reduced globin hemochromogen after the

addition of NaOH. Under our conditions total conversion was

obtained only after 40 minutes. The factor of time has apparently

been overlooked by most investigators except Den6s (4), who
allowed | hour for the development of the spectrum of globin

hemoclu'omogen. The spectra depicted in Fig 4 are probably a

Table I

Absorption Comtants of Hemochromogens

Pigment

Trough ^ band
1

1
a

P

0

a

3

M

1
S

0

1

1
d

1

m/1 €* miL ** mil

HbOz 575 15 13 8 73 540 14 62 1 73 1 68

Reduced pyridine hemochro-

mogen from hemin 27 43 12 13 525 17 17 1 81 2 26| 1 42

Reduced pyridine hemochro-

mogen from Hb 555 26 98 540 10 78 525 15 13 178 2 5ll 1 41

Reduced globin hemochromogen
i

from Hb 25 00 10 31 1 65 2 48,mm
Oxidized globin hemochromo-
gen from Hb 575 9 10 565 8 33 545 iBliW 1 26

Oxidized pyridine hemochromo-
gen from Hb 555 9 501^ 9 45 530 11 38

* €(c - 1 mM per liter)

quantitative expression of a reaction analogous to the old von

Kruger reaction (13), m which mterest has been revived (14) smce
different rates of change of hemoglobm after adding NaOH have

been used as evidence for the existence of more than one form of

hemoglobin m a species

The remarkable character of the spectrum of reduced hemo-
chromogen is best brought out by the ratio of its peak m the green

to that of the so called a band of oxyhemoglobin, as well as a

comparison of the ratios of these peaks to the respective troughs
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between the two bands (Table I) There can be no doubt that

Haurowitz (3) was dealing for some reason with incompletely

developed spectra of hemochromogens, smce it may be calculated

from his data that the maximum of absorption attained in most of

his experiments was more than 25 per cent below our figures.

Reduced hemoglobin, prepared in the usual manner by evacua-

tion of a solution of oxyhemoglobin in a tonometer in the presence

Fig. 5. Reduced globm hemochromogen oxidized globin hemochromo-

gen. Curve 1 represents oxidized globin hemocbromogen from Hb, 0.18

mM per liter of Hb02, partially reduced to Hb by evacuation with Nj,

NaOH added to concentration of 0.008 M, pH about 12. Read after expo-

sure to air, Curve 2, oxidized globin hemocbromogen from Hb, 0.12 mM
per liter of HbOa, reduced to Hb by evacuation with N 2,

KaOH added to

concentration of 0.009 M, pH about 12. Read after exposure to air; Curve

3, oxidized globin bemochromogen from Hb, 0 23 mM per liter of HbOs,

reduced to Hb by evacuation with N2,
NaOH added to concentration of

0 008 M, pH about 12. Read after exposure to air.

of N2 and CO2,
was mixed m the tonometer with a solution of

NaOH also previously freed of oxygen by evacuation. The

typical reduced globm hemochromogen solution so formed (see

Fig. 4) was exposed to air. There was a rapid change in color

from the brick vermilhon characteristic of the reduced hemo-

chromogen to a deep red The quahtative change in spectrum

w^as such that one might suppose that oxyhemoglobin had been

regenerated—an impression created by a shift of the bands toward

THE JOURNAL OP BIOLOGICAL CHBMISTRT, VOL 112 , NO 1
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the red region and a relative equalization of the strength of the two

bands The spectrum obtained, which we consider typical of an

oxidized hemochromogen (Fig. 5), is actually very different from

that of oxyhemoglobin It resembles somewhat the spectrum of

the alkaline form of methemoglobm (12) A comparison of the

ratios at the peaks and trough stnkmgly bring out the spectral

differences in these various pigments (Table I)

Figs. 6 to 8 depict the spectra in a series of experiments which

may be considered as a unit Theoretical considerations, which

need not be discussed here, led us to attempt to prepare hemo-

chromogens by the direct addition of anhydrous pyridine to solu-

tions of Hb and Hb02
When pyridine in large excess was added to hemoglobin solu-

tions (reduced by evacuation m a tonometer with N2 and CO2 or

by means of Na2S204) the spectra gave evidence of the production

of typical reduced hemochromogens (Fig 6) The spectrum very

closely resembled, but was not identical (position of the a band)

with that obtained by the addition of pyridme to reduced hemin.

Upon exposure to air the solution rapidly changed color and

yielded a spectrum typical of oxidized hemochromogen (Fig. 6).

The same spectrum of oxidized hemochromogen was obtained

directly by the addition of pyridme to a solution of Hb02 m an

open vessel. It is of interest to note that upon the addition of

pyridine to reduced hemoglobin a characteristic brick vermilhon

precipitate wras formed when the concentration of pyridine was 8

per cent; upon further addition of pyridine to a concentration of

40 per cent the precipitate dissolved The spectra of reduced

homochromogens were from solutions with the latter high concen-

tration of pyridme. There is some reason to believe, however,

that conversion to reduced hemochromogen had taken place at the

lower (8 per cent) concentration. This is inferred from the fact

that upon the addition of pyridine to an exposed solution of oxy-

hemoglobin the change from Hb02 to oxidized hemochromogen
occurred after only 8 to 10 per cent of the nitrogenous base had
been added. This change could be followed spectroscopically,

since no precipitate formed under these conditions.

The reduced hemochromogen solution, prepared by the addition

of oxygen-free pyridine to a reduced hemoglobin solution in a

tonometer, was equihbrated thoroughly wath pure CO. A definite
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Fig 6. Reduced and oxidized pyridine hemochromogens prepared by

addition of pyridine to hemoglobin. Curve 1 represents reduced pyridine

hemochromogen from Hb, 0 06 mM per liter of HbOa, buffered to pH 8.0

with 0.007 M phosphate buffer, reduced to Hb by addition of0 004 m Na2S204,

pyridine added to concentration of 40 per cent, Curve 2, reduced pyridine

hemochromogen from Hb, 0 12 mM per liter of HbOa, buffered to pH 8 5

with 0 008 M phosphate buffer, reduced to Hb by evacuation with N2,

pyridine added to concentration of 41 per cent; Curves 3 to 6, oxidized

pyridine hemochromogen from Hb, concentration of Hb 0 05 to 0 12 mw
pel liter, buffered to pH 7 0 to 8.6 (glass electrode detemunation) with

0 007 to 0 013 M phosphate All four solutions wdth 40 per cent pyridine.

In two of the solutions pyridme was added to reduced Hb, then reoxygen-

ated In the others pyridine was added to HbOi in the presence of air.
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change of color occurred and the resulting solution had a spectrum

which fairly closely resembled that of carboxyhemoglobin (Fig. 7).

However, this was a completely reversible process, the spectrum of

reduced hemochromogen being restored after evacuation with N2 .

Under the conditions of our experiments, the reduced pyridine

hemochromogen prepared from hemin did not react with CO,

although such a reaction has been described (1) . It is to be noted

that illuminatmg gas, due to impurities or improper experimental

conditions, merely produced oxidation of the hemochromogen

(Fig. 7).

Upon the addition ofK3Fe(CN)6 to the oxidized hemochromogen

prepared by the exposure of the reduced pyridme hemochromogen

(from hemoglobm) to air no further change in spectrum occurred

(Fig. 8) . This experiment definitely indicates that we were dealmg
with an oxidized pigment and that the terimnology oxidized Jiemo-

chromogen is justifiable.^ When, however, this oxidized hemo-

chromogen, without previous treatment with K3Fe(CN)6 was

treated with KCN, the solution yielded a spectrum very similar to

that of cyanhemoglobm The difference m level of the typical

cyanhemoglobiQ spectrum and that in the experiment may be

accounted for by change in concentration during the previous

treatment of the solutionm the tonometer. It may be added that

this reaction with KCN was not given by our preparation of oxi-

dized globin hemochromogen (Fig. 5).

Our data do not permit an unequivocal explanation of the

behavior with CO and KCN of the hemochromogen produced by
the treatment of hemoglobin with pyridme. These hemochromo-

gens may be identical with those prepared from hemm with pyri-

dine, the slight difference in spectra being due to experimental

error or merely due to the presence in the solution of free globin

On the other hand two further suggestions may be considered

The difference may be real, the pyridme having united m the one

case with alkaline heme, in the other case with hemoglobin. Data
which we attempted to secure bearmg on this possibihty by means

^ In a similar experunent m which a large excess of K3Fe(CN)6 was used,

the ratio of pigment to oxidant being 1
*
260

,
the same result was obtained

The interpretation that we were dealing with an oxidized hemochromogen
was, however, rendered certain by the experiment (Fig 8) m which the same
pigment was obtained fromMHb by the addition of pyridme
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reduced by evacuation with

•>“»
from previous solTi+inT> Af+

* Pyridzne hemoehromogen

\.0« oame as solution for Ourve 1
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of oxygen capacity determmation also have proved difficult to

interpret. One such group of determinations suggested that the

Fig 8. No alteration of spectrum of oxidized pyridine hemochromogen

from Hb by addition of K3Fe(CN)6 Addition of KCN to oxidized pyridine

hemochromogen from Hb yields cyanhemoglobm. Curve 1 represents

oxidized pyridine hemochromogen from Hb (+ K3Fe{CN) 6), 0,12 mM per

liter of Hb02, buffered to pH 7 0 with 0 013 m phosphate and reduced by
evacuation with N2,

pyridine added to a concentration of 40 per cent and
reaerated, yielding a typical oxidized hemochromogen spectrum, solution

then treated w ith 0 3 bom per liter ofK3Fe(CN )6 and read. The absorption

due to ferncyanide is entirely negligible (7), Curve 2, oxidized pyridine

hemochromogen from MHb, Oil mM per liter of Hb02, buffered to pH 7 0

with 0.007 M phosphate, converted to MHb by addition of 3.7 mM per liter

of KaFe(CN)6, pyridine to a concentration of 39 per cent then added, and
solution read (Upon addition of Na2S204 the solution yielded the spec-

trum typical of reduced hemochromogen ) The absorption due to ferri-

cyanide is negligible (7); Curve 3, MHbCN from oxidized pyridine hemo-
chromogen (from Hb), 0,11 mM per liter of HbOs, buffered to pH 7 0 with

0 007 M phosphate and reduced to Hb by evacuation with Na, pyridine then

added to a concentration of 37 per cent and solution reaerated, KCN then

added to a concentration of 1 4 mM per liter and solution analyzed; Curve 4,

MHbCN, typical cyanhemoglobin prepared from methemoglobm for com-
parison

pyridme

change HbOo > oxidized hemochromogen resulted m the

liberation of only one-half of the bound oxygen. The third expla-
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nation is that after the addition of pyridine to hemoglobin, the

solution contains a hemochromogen, consisting of pyridine com-

bined with heme, and also undenatured globin. A new set of

equilibrium conditions may favor the regeneration of hemoglobin;

m the presence of CO the undenatured globin recombines with

reduced heme to produce HbCO, while in the presence of KCN it
*

recombines mth oxidized heme to form cyanhemoglobin.

Reduced pyridine hemochromogen + globin HbCO + pyridine

Oxidized pyridine hemochromogen + globm^ (MHb)
KCN

> MHbCN -f pyridine

Further experiments are needed to elucidate the mechaniams

involved in these phenomena. We also leave for further study the

possible bearing which these observations have upon the subject

of the replacement of nitrogenous bodies m hemochromogens.

SUMMAHY

The absorption spectra of oxidized and reduced hemin and of a

number of oxidized and reduced hemochromogens have been

described.

Data have been presented to illustrate that the factor of time is

important in the reaction

NaOH
Hb > hemochromogen

Solutions of hemoglobin treated with pyridine yield character-

istic hemochromogen spectra. The reduced hemochromogen so

formed reacts reversibly with CO. The oxidized form of this

hemochromogen reacts with KCN, presumably yielding under our

conditions cyanhemoglobin. The possible significance of these

observations has been discussed.
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From the time spectrophotometry was first applied to the study

of hemoglobin (1), the advantages of the method have been

ascribed mainly to its usefulness in the study of dilute solutions.

With the passmg years, however, certain problems have arisen

which have made desirable the application of spectrophotometry

to concentrated solutions, and to blood which has not been exposed

to extraneous gases after withdrawal from the body. Although

no technique is more suitable than the spectrophotometric for the

direct determmation of mixtures of pigments (2), it has never

been suggested for the determination of Hb~Hb02 m blood as

drawn. The dilution of blood necessitated by the use of the usual

spectroscopic cells obviously has precluded such an analysis, for

we are dealing here with no ordinary mixture of pigments but

with an equilibrium involving also dissolved oxygen at a particular

tension.

The question whether dilute hemoglobm solutions retain fully

the properties of this pigment in its normal physiological environ-

ment has been considered (3) and may not be entirely academic.

The high concentration of hemoglobm within the erythrocytes

(30 to 35 per cent) makes pertinent an mquiry mto some of the

* Preluniaary reports upon phases of this study have been presented and
have appeared {J. BioL Chem

, 100, x (1933) ; Am J Med Sc
,
186, 889

(1933)).
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physical properties of hemoglobin in concentrations of this

strength The value of n in the equation

Hb» -f- nOz ^ Hb»(02)n

was assumed originally by Hill (4) to be determined by molecular

aggregation. This explanation has remamed purely hjrpothetical.

More recently, a similar explanation has been advanced to account

for the discrepant spectral behavior of certam dyestuffs—^Nile

blue and the simple safranmes—m concentrated solution (5),

The spectrophotometnc study of very concentrated solutions of

hemoglobin therefore appeared desirable.

The apphcation of Beer's law to hemoglobin solutions was tested

first by Butterfield (6) By means of crude cells (two plates of

glass separated by a thin ring of metal and clamped together) this

investigator examined spectrophotometncally moderately concen-

trated solutions. The highest concentration attained was that of

blood diluted approximately 1:3. For the quantitative study of

very concentrated solutions or whole blood unexposed to air

Butterfield's type of cell is entirely inadequate. When one is

dealing with diluted blood solutions the amount of material which

gathers between the cover-shp and the cell wall is of no moment.

However, when very thin cells are employed with viscid material

this factor must be considered if reproducibility of cell depthm all

determinations is to be attained. The cell furthermore should be

so constructed as to admit material without contammation with

environmental gases.

We have designed a spectroscopic cell^ which appears admir-

ably suited to the study of very concentrated solutions and satis-

fies the considerations discussed above In the present paper this

cell will be described and spectrophotometric data, hitherto

unavailable, upon very concentrated solutions of hemoglobm and
undiluted blood wdll be presented

Methods

The Cell—Fig. 1 represents diagrammatically a vertical section

through the new cell The drawing is to scale, except the chamber,

1 Constructed for us by the Bausch and Lomb Optical Company Cells

of this type ma}'* also prove useful in the study of solutions other than hemo-
globin
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C, which is optically ground out of the upper plate, and whose
actual depth is only 0,Q7mm The hght cross-hatched areas are of

glass, that within the metal casing (heavy cross-hatching) being

optical The chamber of the cell is readily filled and emptied

through two glass capillary tubes, connected with the interior by
ground openmgs in a heavy glass cover, formmg the floor of the

chamber. (If different depths are required, several appropriately

ground upper plates may be used interchangeably; the rest of the

cell assembly need not be duplicated

)

Filling and Emptying the Cell—The cell may be filled by suction

or from a small tonometer by gentle positive pressure afforded by
mercury in a small reservoir connected with the tonometer. A 2

Fig 1, Vertical section through center of cell (7, chamber of cell,

depth of chamber 0 07 mm ; entry and exit capillary tubes. The broken

arrow indicates the direction of the passage of light through the cell When
in position for reading in the spectrophotometer, the beam of light passes

horizontally through the cell.

to 2 5 cm, length of pure gum tubmg with a wall 1 mm thick and

an internal bore of 3 mm. has been found suitable for holding m
close approximation the entry tube of the cell and the exit tube of

the tonometer. During the filling of the cell the stop-cocks of the

tonometer are adjusted for a slow, gradual escape of the blood or

concentrated solution With a little practice a technique for

fillmg the chamber without mterrupting the flow of solution is

easily developed If desired, the solution under study may be

flushed freely through the cell, though m most mstances it is not

necessary to run more fluid through than enough to overflow mto
the exit tube of the cell. After completion of the spectrophoto-

metric readings the cell is washed by alternate aspiration of dis-

tilled water and air. It is then unassembled and the parts thor-
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oughly dried, a soft, well laundered linen handkerchief being used

for the surfaces and a fine pipe-stem cleaner for the tubes.

Quantity of Material Used—^In the present design of the cell the

interest was m accurate determination rather than m the use of

RTTiall samples. When the cell was filled by suction at least 0.5 cc.

of material was needed to allow for proper immersion of the entry

tube; with a tonometer as little as 0 3 cc. sufficed. It may be

calculated that the volume of the chamber is only 0 021 cc., but

approximately 10 times this quantity of fluid is needed for com-

plete filling of the entry tube, the channels, and the chamber and

to allow for overflow mto the exit tube. For those mterested m
possible applications of cells of this type to work involving smaller

samples, it may be suggested that merely reducing the entry and

exit tubes to one-half their present length will effect a 30 per cent

reduction in the total volume needed for filling.

Calibration of Cell Depth and Balancing of Absorption Due to Cell

JiseZ/—Although one may assume that modern methods of engine

grinding can reproduce accurately specified depths such as 0.07

mm., a check upon this dimension was considered necessary.

CuS04 in ammoniacal solution, suggested by us as a standard (7),

could not be made up in the desired concentration and was there-

fore unsuitable for the spectrophotometnc calibration of the new
cell. We have employed for this purpose a concentrated solution

of reduced pyridine hemochromogen prepared from a weighed

quantity of crystallme chlorohemin (8) The readings were at

three wave-lengths, 660, 540, and 525 m/x, and the assumed values

of the respective constants e{c = 1 mM per liter) 27.4, 12.1, and

17.2, based upon measurements in a 1 cm cell (8). The calcula-

tions involve a simple transposition of terms in the equation used

for derivmg e{c = 1 mM per liter).

€(c =s 1 mM per liter)
^obflerved

<i(depth)i!ni X c(actual concentration in niM per liter)

(1)

^
Cpbaerved

€(c = 1 niM per liter) X C mu per liter
^

The concentration of the hemochromogen solution was 5.92 mM
per liter. The observed € values at X 560, 540, and 525 m/x were

respectively 1 150, 0.502, and 0.715 The substitution of these
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values and the above constants in Equation (2) gave an average

dcm = 0 00704, and verified the depth of the cell.

The absorption due to the cell itself was '^balanced out'' by the

use of an empty 1 cm. cell in the opposite saddle of the spectro-

photometer. There are theoretical objections to this procedure,

but in actual practice they were found to be of no moment and the

purchase of an expensive, duplicate 0 07 mm. cell for balancing

purposes was uncalled for.

Material Studied—^Absorption measurements were carried out

upon (a) dog oxalated or defibrmated blood, hemolyzed by the

addition of powdered saponin to a concentration of approximately

0 2 per cent, (6) dog non-hemolyzed defibrinated blood; (c) con-

centrated solutions of crystallized horse hemoglobin. This mate-

rial was prepared by so called isoelectric precipitation and dialysis ^

Relatively saturated solutions were made up from the crystal paste

by the addition of less than minimal amounts of n NaOH necessary

to dissolve all the crystaUine material. The supernatant solution

of NaHb02-Hb02 was separated from the undissolved sediment by
centrifuging. The pH of solutions of this type, read by the glass

electrode, usually was 7.6 to 8.0. Only those solutions were

employed in which the presence of ^^mactive" hemoglobm was

presumably excluded by a comparison of the absorption constants

of the pigment in the form of Hb02 and after its conversion to

MHbCN and Hb.
As in our previous work, the concentration of all solutions used

was determined spectrophotometrically by conversion of aliquots

into MHbCN solutions of suitable strength for readmg in the usual

1 cm cell.

Results

Hemolyzed Dog Blood—^Absorption cur^^'es of Hb02 and Hb,

which need not be presented, were obtained from five specimens of

oxygenated, hemolyzed dog blood and three specimens of hemo-

lyzed blood to which Na2S204 had been added. The concentration

of pigment in the samples studied varied from 8.38 to 11.5 mM per

liter.

* The data upon solutions of crystallized hemoglobin are taken from

unpublished experiments of one of us (D L D ) and W C Stadie
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The curves were virtually identical with those obtained from

1 : 100 and 1 : 1000 dilutions of blood in 1 cm. and 10 cm of cells,

lespectively (7, 9) There was some reason to believe that dis-

turbing factors, such as very shght turbidity due to presence of

serum, operate to a smaller extent in the new, very thin cell than

in the commonly employed 1 cm or larger cells. This was mdi-

cated by somewhat lower absorption values obtamed m the blue

region of the spectrum, ordinarily more affected by disturbing

influences. In this connection may also be cited the mean square

errors (m = Vs(d2)/(n — 1)) of our determinations The values

for m compare favorably, m spite of the presence of serum, with

Fig 2 Absorption spectra of defibrinated, non-hemolyzed dog blood

Curve 1 represents HbOa, 10 7 mM per liter, read in a 0 07mm cell; Curve 2,

same as above, reread after standing in the cell for 30 minutes, Curve 3,

data obtained after refilling of cell with a fresh sample of the same blood

those obtamed in our w'ork with hemolyzed, washed blood cells

(9), and are typified by the following: Hb02 0 08 (X 575 mju),

0.16 (X 560 my), and 0 06 (X 540 my)] Hb 0 15 (X 560 my), 0 28

(X 555 JYiy), and 0 14 (X 560 my).

It is worthy of mention that the hemolyzed blood film in the

0 07 mm cell mamtained a homogeneous character for periods of

time longer than 1 hour, for similar periods of time complete

reduction was maintained m Hb specimens reduced with CO2 and

N2 , the capillary tubes of the cell being sealed only by excess blood.

Dog Non^Eemolyzed Blood—^The absorption curves yielded by
non-hemolyzed blood (Hb02 concentration, 10.7 mM per liter) are

depicted in Fig. 2 The extreme turbidity due to the presence of
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the erythrocytes was doubtless responsible for the character of

these spectra Due to variations in the number of red cells and
possibly m their size, reproducibility of absorption data from
blood to blood can hardly be expected when non-heraolyzed speci-

mens are employed. However, the following points are of interest.

1. The spectra are an expression of the effects of extreme tur-

bidity and may prove useful m the interpretation of deviations

sometimes reported in work where only slight turbidity obtains.

The absorption constants at the peaks (X 575 and X 540 ?njLt) are

approximately 3 times the magnitude of those obtained with

hemolyzed blood or solutions of hemoglobin. The whole absorp-

tion curve is flattened due to a relatively greater mcrease in

absorption at the red and blue ends than in the mid-region of the

visible spectrum. There is also evident a striking reduction in the

ratios of absorption at X 575 mfx to X 560 mju, the average ratio in

the plotted results being 1 29 in comparison with the usual ratio

for Hb02 which is over 1 70.

2. In spite of these physical distortions in the absorption

spectrum, the curves were fairly reproducible for the blood of an

individual animal (Fig 2),

3 The blood cells showed apparently no disposition to settle

towards the edge of the cell. During a 30 minute period the

homogeneity of the 0 07 mm film w^as mamtamed, as judged by
the absorption measurements (Fig. 2), The absence of “settling’’

under these conditions was an unexpected finding and is a physical

phenomenon worthy of note.

Concentrated Solutions of Crystallized Horse Hemoglobin—
Absorption data have been obtained upon six solutions of crystal-

hzed Hb, reduced by equihbration with CO2 and N2, and upon

three completely oxygenated solutions The pigment concentra-

tion of the preparations varied from 17 3 to 25.58 mM per liter,

concentrations of the order of magnitude and moderately m excess

of those ordinarily found m normal erythrocytes Since the data

agreed closely, only the results upon the most concentrated solu-

tion are presented (Fig. 3). A hemoglobin concentration of 25.58

mM per liter is equivalent to 42.72 gm. per 100 cc. and represents,

as far as w^e know, the highest concentration of the blood pigment

that has been subjected to physical measurements of this type.

Fig. 3 presents the following experimental findmgs.
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1, The absorption curve yielded by this extremely concentrated

preparation of horse Hb02 is practically identical with the average

curve obtamed from dilute solutions of hemolyzed, washed dog

eiythrocytes.

2* A 25.58 mM solution is so strong that upon diluting it 1 : 5000

readings in a 10 cm. cell were, at the significant wave-lengths,

Fig 3 Absorption spectra of very concentrated solutions of crystallized

bemoglobin from horse blood. • represents Hb02, 25 58mM per liter, read
in a 0 07 mm, cell; X, above solution diluted 1*5000, read m a 10 cm cell;

, origmal solution diluted 1 : 10,000, read in a 10 cm cell ; O, for comparison
average of data upon Hb02 from hemolyzed washed dog erythrocytes, dilute

solutions read in a 1 cm. cell; A, Hb, 25.58 mM per liter, reduced by CO2

and N2, read in a 0 07 mm cell; A, average of data upon dilute Hb solu-

tions from hemolyzed washed blood cells, read in a 1 cm cell

within the range of optimal accuracy of the photometer we employ
(7). Though the determinations are not quite as rehable, satis-

factory readings could still be made after dilutmg the original

solution 1:10,000. As is evident m Fig. 3, the agreement between
the highly concentrated and the highly dilute solutions of Hb02 is

excellent.
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3 The concentrated solutions in the 0.07 mm. cell yielded

somewhat higher than usual ratios of extinction at X 575 mu to that

at X 560 mix For example, the ratio for Hb02 m Fig. 3 is

15.00/8.57 = 1 75, while the average ratio in our work with dilute

solutions of washed blood cells in a 1 cm cell (9) was 15.13/8.73 —
1,73. Such differences are perhaps not significant but they leave

the impression that low ratios reported m earlier work need not be
ascribed to changes in Hb02 (10), but are rather the result of

physical factors such as shght turbidity. As has already been said

m connection with the experiments upon saponin-treated blood,

such factors appear to operate only to a negligible extent in our

new cell.

4, The magnitude of the absorption constants and the high

value for the e/e ratio, cited above, practically exclude the presence

of more than negligible amounts of ^hnactive*^ hemoglobin from

this preparation of crystalline Hb02. Added proof is given in the

quantitative conversion of the pigment to reduced Hb, whose

absorption constants nearly duplicate the values obtained upon

dilute Hb solutions (9).

DISCUSSION

The experiments reported in this paper have led to the following

deductions.

In the quantitative investigation of hemoglobm the spectro-

photometric technique offers an extraordinary latitude with respect

to the concentration of materials which may be used.

Beer's law (of proportionality of concentration and absorption)

has been found to hold over a very extensive range of concentra-

tions for the pigments Hb02 and Hb—an accomplishment made
possible by our new ceU.

The finding of strict proportionahty between concentration and

absorption in the case of simple compounds would practically

exclude the presence of aggregation mvolving intramolecular

rearrangement. In the case of hemoglobm we may only conclude

that if molecular aggregates do exist the association complex is of

such a character as to exert not the slightest influence upon the

visible absorption spectrum. This must mean that in the neigh-

borhood of the prosthetic group (Fe-porphyrin) the intramolecular

arrangement is constant, though other changes in the whole
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molecule may possibly occur It would appear that, like O2 and

CO, light is absorbed per unit of Fe-porphynn.

The spectral data which we have presented upon the 17.3 to

25.58 mM preparations of hemoglobin mdicate, throughout the

whole range of concentrations mvolved, that we are confronted

with a behavior characteristic of true molecular phenomena. In

contrast to such spectral constancy under varied conditions are

the strikingly different aggregation spectra of certam metallic

sols (11), The optical properties arising from the colloidal state

per se have been thought to arise from turbidities, “optically

mfinitely thm’’ (11) We have demonstrated the character and

direction of change which extraneous turbidity causes in the

spectra of hemoglobm solutions. Therefore, the spectral con-

stancy which we have found seems important in itself. We are

presumably dealing with materials which, m respect to light

absorption, resemble true solutions even in concentrations of the

magnitude found in red blood ceUs.

SUMMARY

A new spectroscopic cell, 0.07 mm. m depth, has been designed

for the study of very concentrated solutions. It may also be

employed for the study of solutions without exposure to environ-

mental gases.

With this cell the apphcation of spectrophotometry to the study

of hemoglobin has been greatly extended. For the first time

optical studies of this type have been made upon hemolyzed

undiluted blood, non-hemolyzed blood, and upon solutions of

crystallized hemoglobmm concentrations as high as, or in excess of,

those found in red blood cells

Beer’s law has been foimd to apply for hemoglobin solutions in a

range of concentrations from 1 to 0.0001, where 1 = 25.58 mM per

liter (42 72 gm. per 100 cc.), the highest concentration studied

The absorption of light by hemoglobm appears to be, like its

umon with gases, a function of the Fe-porphyrm Therefore,

aggregation involving intramolecular rearrangement within the

prosthetic groups has been excluded by our measurements. No
conclusions, however, as to the possibihty of molecular association

involvmg the large hemoglobm molecule could be drawn.

With respect to the specific absorption of light, hemoglobm, even
in very concentrated preparations, resembles a true solution.
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DETERMINATION OF CHLORIDES IN BIOLOGICAL
FLUIDS BY THE USE OF ADSORPTION

INDICATORS
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MICRODETERMINATION OF CHLORIDES IN CEREBRO-

SPINAL FLUIDS AND BLOOD SERUM
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Although in the past few years much work has been done on the

use of adsorption indicators for the determination of halides, it has

been applied mostly to pure organic and morganic compounds

(1, 2, 8) . Only two references to the application of these indicators

to the determination of chlorides in biological fluids were found.

Osterberg (9) used an acetone extract of serum or plasma with

dichlorofluorescein as the adsorption indicator. Bullock and

Kirk (2), utilizmg the same method, analyzed sea water and

claimed to have performed analyses '‘on certain biological materials

for a period of some years ” An added note in the latter article

states that “work is in progress on the application of these methods

to biological fluids.’'

In a laboratory where many chloride determinations are per-

formed on biological fluids, the need for a rapid, accurate micro-

method is apparent. The adsorption indicator method is more

accurate and rapid, requires fewer standard solutions, and is more

economical than other previously described methods.

The method which has been generally used in this laboratory

up to the present was a modification of the standard micro-Volhard

procedure in which the precipitated silver chloride is carried down
by nitrobenzene, as suggested by Caldwell and Moyer (3). The
disadvantages of the Volhard method are the necessity of using

more than one standard solution, of removing the precipitated

117
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silver chloride from the solution, and the adsorption of silver ions

by silver chloride (7)

Other micromethods which have been applied to the determina-

tion of chlorides in biological fluids are those of Foldes and Tauber

(6) who utilized the Mohr titration method with the Folin-Wu

filtrate, that of Filedt Kok (5) who precipitated the proteins with

sulfosalicylic acid and titrated an aliquot of the filtrate with

mercuric nitrate m the presence of sodium rdtroprusside; and that

of Fairhall and Heim (4) who use an iodometric procedure.

The authors attempted to apply the method of Osterberg to

both macro- and microdetermination of chlorides in blood serum.

The method consists of addmg 2 ml of serum or plasma to 7 ml.

of acetone m a centrifuge tube, making up to 10 ml. with acetone,

shaking, and centrifuging. A 5 ml aliquot is titrated with n/36.46
silver nitrate Accordmg to the author, a 5 ml. ahquot represents

one-half the chloride content of the sample. However, the

volume of the precipitate is not taken into consideration. Even
when centrifuged at high speeds (2200 r.pm.), it amounts to 0.7

ml. out of a total volume of 10 ml. Since we have found that the

residual precipitate contams practically no chlorides, the latter

are then all dissolved in an actual volume of about 9.3 ml., and it

must follow that the values obtained by Osterberg are high.

When the Osterberg method was applied to microdetermination

by adding 0 2 ml. of serum to 1 8 ml. of acetone, lower results were

obtained as compared to the original macromethod. This is

probably due to the low solubility of chlorides in acetone. A
solvent was then sought which would completely precipitate the

proteins (that interfere with the titration), which would give an

end-point as sharp as that obtained with acetone, and which has a

higher solubihty for chlorides than acetone An alcohol-ether

solution (3:1) was found to give excellent results.

The method finally adopted was that of adding a known amount
of serum to a given volume of alcohol-ether, shaking thoroughly,

centrifugmg, and then titrating the clear supernatant fluid, in the

same tube, with standardized silver nitrate, dichlorofiuorescem

being used as the mdicator. For cerebrospinal fluids, a measured
amount was diluted with a small volume of water, approximately

3 times the volume of alcohol-ether was added, and the solution

titrated directly with standardized silver nitrate in the presence of

the indicator.
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EXP£SBIMENTAIi

Solutions

Standard sodium chloride. Solution A. 10,000 gm of dry c.p.

NaCl in 500 ml. of solution; 1 ml. equivalent to 20 mg. of NaCl.

Solution B. 100 ml of Solution A diluted to 1000 ml
; 1 ml, equiv-

alent to 2.00 mg of NaCl. Solution C. 0.500 gm of NaCl in 1000

ml. of solution; 1 ml. equivalent to 0 500 mg. of NaCl.

Table I

Determ'ination of Chlorides in Cerebrospinal Fluid (0 20 Ml Samples)

NaCl found A-verage NaCl
found

Added NaCl
reco^ ered

mg
1

mg mg

Sample 1 1 625
j

1 625
i

1 613

1 625
1

1 622

0.500 mg. NaCl 2 120 0 498

added, Solu- 2 109 0 487

tion C 2 120 0 498

2 120 0 498

Sample 2 1 349

Cerebrospinal 1 360

meningitis 1 380

1 349

1 360 1 356

0 600 mg. NaCl 1 856 0 500

added, Solu- 1 868 0 512

tion G 1 868 0 512

1 856 0 500

1 856 0 500

Standard silver nitrate An approximately 0.02 n solution of

AgNOs was made The standardization was performed against

the standard NaCl Solution B by the followmg procedure. The
sample, contained in a test-tube of convenient size (6 X i inches)

was titrated with the silver nitrate, with a 5 ml. microburette

cahbrated in 0 02 ml. divisions. To 2 ml. samples of standard

sodium chloride Solution B (containing 4 00 mg. of sodium

chloride) w^ere added 3 ml. of alcohol-ether and 1 drop of the indi-
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cator. The samples were then titrated with silver nitrate (ap-

proximately 0.02 n) until the first definite pink color appeared

throughout the solution. The standardizations were performed

with sodium chloride Solutions B and C with excellent results.

Table II

Effect of Varying AmounU of Alcohol-Ether, Blood Serum (0 20 Ml, Samples)

Alcohol-ether NaCl found
Average NaCl in

Berum
Added NaCl
recovered

ml mg mg mg

1 00 0 945

3 00 0 965

5 00 1 072

7 00 1.072

10 00 1 072 1 072

0 500 mg. NaCl added, Solution C

1 00 HIBII 0 346

3 00 0 495

5 00 0 484

7 00 0 484

10 00 BH 0 506

Table III

Detenmnation of Chlorides tn Blood Serum (0.2 Ml, Samples)

NaCl found
Average NaCl m

serum
Added NaCl
recovered

mg mg mg

Sample 1 1 129

1 140

1 140

1 140

1 140 1 138

0 500 mg. NaOl 1 648 0 510

added, Solu- 1 648

tion C 1 648

1 636 0 498

1.648

Alcohol-ether A 3 : 1 solution by volume ’was made by mixing
the appropriate quantities of 95 per cent ethyl alcohol with u.s.p.

ethyl ether
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Dichlorofluorescein indicator. Eastman Kodak Company's
No. 373, 0.05 per cent in 70 per cent alcohol.

Cerebrospinal Fluids—0.2 ml. of fluid was pipetted into a test-

tube of 30 ml. capacity, the sides of the tube were washed with 1

cc. of distilled water, and 3 ml. of alcohol-ether and 2 drops of the

mdicator were added. The solution was titrated with silver

nitrate solution to the first faint pink color. The proteins were not

precipitated tinder these conditions. The end-point was sharp.

The results of a series of tests on cerebrospinal fluids, including

recoveries of added sodium chloride, are shown in Table I.

Blood Serum—0.2 ml. of serum was added, with shaking, to 5

ml. of alcohol-ether in a 15 ml. centrifuge tube. The tube was
stoppered, shaken thoroughly, and centrifuged at high speeds

(above 2000 b.p m.). 2 drops of indicator were added and the

clear supernatant fluid was then titrated in the same tube with

the standardized silver nitrate until the first defimte pink color

appeared throughout the solution.

Table II illustrates the effect of using various amounts of

alcohol-ether. Table III shows the results of a series of blood

serum determinations including recoveries of added NaCl.

DisctrssiON

The results obtained in the above experiments indicate the high

accuracy and reproducibihty of the adsorption indicator method

for the determination of chlorides in spinal fluid and serum.

Quantities in the range of 1 mg. of sodium chloride in spinal fluid

with a maximum deviation^ of 1.0 per cent and in blood serum

with a maximum deviation of 2 per cent can be determmed by
this method. Increased accuracy may be obtained by the use of

more dilute silver nitrate but with a consequent loss in the sharp-

ness of the end-points.® Another advantage of this method is that

the complete analysis can be performed in a single tube without

transfer.

1 These deviations, it will be observed, involve a maximum quantity

of 0.02 ml. of AgNOs. In the great majority of cases, the deviation is

0 01 ml. It is expected that the use of burettes having finer calibrations

should lower the percentage deviation considerably.

* It has been found that the addition of small amounts of caprylic alcohol

sometimes increases the sharpness of the end-point.
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That the results obtained by this method are in close agreement

with those obtained by the Volhard method is shown by the fact

that the average of four runs for spinal fluids gave a value of 731

mg per cent, while the adsorption indicator method gave an aver-

age value of 735 mg per cent. For serum, with the Wilson and

Ball (10) method, the average of five runs was 675 mg. per cent,

whereas that obtained by the adsorption indicator method, on the

same serum, averaged 563 mg per cent for the same number of

determinations In general, the Wilson and Ball procedure gave

higher results than the adsorption indicator method.

Further work is nowm progress on the application of adsorption

indicators to the determmation of chlorides m other biological

fluids, e g, urine, pleural fluid, etc.

SUMlVtABY

A rapid, accurate method for the microdetermination of chlorides

ill spinal fluids and m alcohol-ether extracts of serum has been

described, in which dichlorofluorescem is used as an adsorption

indicator and standard silver nitrate is used for titration The
entire procedure is carried out in a smgle tube without transfer

The method is accurate withm the limits of error of the apparatus

used*
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A CHEMICAL HYGROMETER
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The determination of the amount of water vapor in atmospheric

air or gaseous mixtures has usually been made by gravnnetric

methods or by psychrometers. In the gravimetric method a

measured volume of air is passed through containers of absorbents

that can be weighed before and after the air has passed. The
increase in weight gives the amount of water vapor in the volume

of sample Both of the above methods have their disadvantages

The gravimetric method takes considerable time and requires

absorption umts, meters, and balances The psychrometric

method is unreliable as it depends so much on rapidity of wind

movement and freshness of the covering of the wet bulb A third

method which has been little used is that of determmmg by
volume the water vapor m the air as one would determine the

amount of CO2,
O2 ,

and other gases For this method two types

of apparatus may be used, one m winch the unknown gas is dried

by means of an absorbent, and the other in which the gas is satu-

rated with water vapor and from the known volume mcrease,

which would occur with a dry gas wiaen saturated at the tempera-

ture of the determination, a calculation is made of the original

volume of water vapor in the same The former principle has been

used by Schwackhofer (1), Edelmann (2), Pettersson (3), Rideal

and Hannah (4), and Mayo and Tyndall (5). The principle of

complete saturation has been employed by Matern (6) and more

exactly by Sond4n (7).

The apparatus to be described has been devised in connection

with the general program of the Nutrition Laboratory on the

study of heat regulation, paths of heat elmiination, and winter

balance of humans and animals. Although it w^as designed pri-

marily to measure by volume the w^ater vapor in the air currents

123
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of respiration apparatus, particularly of the open circuit type, it

can be applied for the determination of water vapor content

generally of atmospheric air or of gaseous mixtures. The appara-

tus is portable and easily reproducible and has at the same time

sufficient accuracy for the purpose desired. Several of these

apparatus have been constructed and a comparison among them
shows that, on the average, well agreeing results can be obtained.

Chemtcal Hygrometer^

The general design, structural details, sizes of burette and
capillaries, and mampulative technique have been arrived at

through a number of years of experience with various forms of gas

analysis apparatus devised in this laboratory (8).

Principle—^The general principle on which the apparatus is

arranged is that in which the gas is measured in a burette and the

water vapor is then removed by a suitable absorbing reagent and

the gas agam measured. The difference represents the volume of

water vapor. The volumes in the burette are counterbalanced

against a gas confined in a compensator and dried by phosphorus

pentoxide. A U-shaped manometer containing oil is the basis of

adjustment of equilibrium

The apparatus is illustrated diagrammatically m Fig. 1. It

consists of a measuring burette, A, a compensator, a manom-
eter, C, an absorption pipette, D, a pipette, J5, for an air seal

with reservoir R, a mercury levelmg bulb, F, a water jacket, G,

and four stop-cocks, H, Jj K, and T.

Burette—^The burette is of 50 cc, total capacity and is graduated

for 3 cc. so that each 1 0 mm m length is equivalent to 0.01 cc.

;

ie.,0 02 per cent of the total volume. The burette has at the top

the 3-way stop-cock H and at the bottom is connected wdth the

^The glass parts were made by Macalaster, Bicknell and Company,
Cambridge, Massachusetts.

cock of burette, /, stop-cock connecting manometer or pipette to burette;

Kj stop-cock for opening compensator to outside air; Ly seal for pipette E\

My rubber stopper to close compensator B; 0, tube for draining water

jacket; P, nitrometer tubing; Q, glass stopper for closmg pipette B, P,

reservoir for pipette B; B, calcium chloride tube for protection of sulfuric

acid in T, stop-cock for manometer C.
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heavy walled rubber tubmg, P, which in turn is connected with the

leveling bulb, P. The total length of the burette is 66 cm. from

the top of the two capillaries above the burette to the point at

which the junction is made with rubber tubing.

Compensator—^The compensator, B, is a cylindrical tube 15 mm
in outside diameter and 40 cm in length and is connected with a

capillary tube at the upper part It is open at the lower end

When it is inverted about 3 gm. of phosphorus pentoxide are put

into the compensator. A tight fitting rubber stopper is then put

in at the point M and is sealed with paraflBn. This arrangement

makes it possible to renew the phosphorus pentoxide whenever it

appears to have absorbed moisture and to have become hquid.

Manometer—Th.ei manometer, (7, is of capillary tubmg of about

2 5 mm. internal diameter; at the bottom is jomed a 1-way stop-

cock, T. The manometer, C, is partly filled with a non-volatile

paraflBn oil. This oil apparently gives off no vapor and conse-

quently is suitable to act as a manometer hquid in this apparatus.

AhsorpUon Pipette—The absorption pipette, D, is a cylinder of

20 mm, outside diameter and 75 mm in length. It is closed at the

bottom with a solid tight fitting glass stopper, Q, through which a

capillary hole is bored and to which is fused a piece of capillary

tubing. This pipette is filled with approximately 10 gm. of

dehydrite (magnesium perchlorate-trihydrate, Mg(C104)2 3H2O)

(9) and then the glass stopper, Q, is inserted and sealed with stop-

cock grease of a high meltmg point.

Air Seal—In order to seal off the lower end of the absorption

pipette, Dj from the air, the pipette, J?, is attached, holding approx-

imately 70 cc of crude sulfuric acid This is sealed off at the

bottom at L with a piece of rubber tubing and a screw pinch-cock

and approximately 1 cc. of mercury.

Water Jacket—^The water jacket, (?, is a straight cyhndrical

glass tube of 7.5 cm. outside diameter, into the bottom of which is

fitted a rubber stopper A tube, 0, is inserted into the rubber

stopper for draming the water from the water jacket.

Stop^Cocks—Stop-cock / is a 3-way stop-cock which permits the

connection of the burette. A, to the absorption pipette, D, or to the

oil manometer, C. Stop-cock K is an oblique 1-way stop-cock

which permits opening of the air m the compensator, B, to the

outside atmosphere for adjustmg the level of the oil m C, Stop-
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cockH IS part of the burette and stop-cock T is for the purpose of

filling the manometer, C

Mampulatio7i

All parts of the apparatus must be cleaned and dned. The
burette should be calibrated, as is done with all other gas analysis

apparatus. All parts of the apparatus are connected with pure

gum black rubber tubing of suitable size and the rubber connec-

tions are coated with an acid-proof varnish® to prevent diffusion of

water through the rubber. The mercury leveling bulb, F, is

connected with the burette by means of nitrometer tubing. The
manometer, (7, is filled with a non-volatile paraffin oil of low vis-

cosity. The absorption pipette, D, is filled with dehydrite and

the air seal, F, with crude sulfuric acid in such a quantity that,

when at atmospheric pressure, it will come to a level at the mark on
the capillary at the upper end of the pipette. It is essential that

the reservoir, R, of the pipette, E, which permits the rise and fall

of the sulfuric acid, shall be so low that when the pipette, F, is

fiUed with sulfuric acid, the level of liquid m the reservoir will be

up in the widest part of the reservoir. This avoids drainage which

may take place if so small a quantity of acid is used that w^hen the

levels are set the acid comes to a point m the narrow part of the

tubing. When continual dramage takes place, it requires con-

tinual resetting of the level m the sulfuric acid pipette. The
mercury should be clean and dry

With the apparatus completely assembled, the manometer, C,

is adjusted to the open air, with stop-cock K open and the plug of

J removed Stop-cock K may then be closed and the plug of J
put back Stop-cock H is turned so that connection is made
between the burette, A, and the absorber, D The apparatus is

now ready for preliminary sweepmg to remove all traces of water

vapor in the apparatus This is done by raising and lowering the

mercury bulb, F, ten to fifteen times with stop-cock J turned in

such a way that there is a connection between the burette, A, and

the pipette, D. The sulfuric acid is set at the mark in E and when
this IS done it is essential that the pressurem the burette. A, and in

E should be at practically the atmospheric pressure. If this is not

*A special varnish sold by Arthur H Thomas and Company, Phila-

delphia, for coating the wooden parts of gas analysis apparatus
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the case when the sulfuric acid level is set, the quantity of sulfuric

acid is altered so that the air above E will be at nearly atmospheric

pressure when the acid comes to the mark in the narrow tube

above E. Stop-cock J is now turned so that connection is made
between the burette, A, and the oil manometer, C, and the level of

the oil is adjusted so that it is at the same height on both sides of

the U-tube. The readingm the burette is now made. Stop-cock

J is then turned so that coimection is made between the burette,

Ay and the pipette, D, and the mercury leveling bulb, F, is raised

and lowered five times. Adjustments are made as before for a

reading, and if all water vapor had previously been removed and

the apparatus is tight, the readings should agree within 0.002 cc.

The apparatus is now ready for analysis of air containing water

vapor. Stop-cock H is now turned to the open air or to the

coimection with the sample. The sample is drawn in by washing

the burette three times completely with the air to be analyzed, and

then drawing in air until the burette is full, and adjusting it to

outside atmospheric pressure at first, and subsequently to the oil

manometer, C. Under this condition the reading is made of the

volume in the burette. The adjustment can be made so quickly

with this apparatus that we have found it not necessary to make a

duplicate reading of the volume The gas is then passed through

the pipette, D, into E fifteen times and its volume is read on the

burette, A\ The gas is agam passed through the absorbent five

times and a second reading is made. These readmgs should agree

wdthin 0 002 cc. The difference between the last reading, corrected

for the burette correction, and the first reading, corrected for the

burette correction, divided by the latter, gives the percentage of

water vapor by volume in the sample of air analyzed.

The essential precaution is to have the temperature of the water

in the water jacket, G, at least 1® higher than the room temperature

and the temperature of the air at which the sample was drawn.

This IS to avoid condensation of moisture in the burette. If

condensation takes place, it is ob^uous that an mcorrect measure-

ment of the volume of water vapor is made. With this apparatus

it is therefore unnecessary to calculate either relative humidity or

partial pressure of water vapor; if desired both of these can be

calculated provided the temperature of the original sample is

known, especially in case of calculation of the percentage humid-
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ity The results of percentage by volume can then be applied

directly to the measured total volume of air coming from an open
circuit apparatus and then the product reduced to 0° and 760 mm
By the factor of conversion of liters of water vapor to gm of water

vapor, one can then obtam the weight of water in the air current

which has passed through the apparatus.

Precautions %n Use of Appajatus—^It is absolutely necessary that

the apparatus be dried and that no moisture of any kind be used

in making connections of the apparatus with samplers. The
frequently used procedure of moistening a piece of rubber tubing

must be avoided The quantity of dehydrite used has been

arbitrarily set as sufEcient for 100 analyses It should then be

renewed. Experience thus far has not taught us as to how long

the sulfuric acid is sufficiently active to protect the dehydrite in

pipette Dj but we have thus far found no evidence that it will not

suffice for the 100 analyses prescnbed for the dehydrite When
the apparatus is not being used, the sulfuric acid contamer should

be protected from the open air by a calcium chloride tube, S, and

the calcium chloride should be renewed as soon as there is any

appearance of moisture on the part nearest the open air. Simi-

larly, after the analyses are over, stop-cock K is opened to the

outside air, and should be protected with a calcium chloride tube,

as otherwise the phosphorus pentoxide in B will take up moisture

and vnll soon become hquid. 'V^Hien the apparatus is not in use,

stop-cocks H and J should be closed

Standardization of Apparatus

The chemical hygrometer was checked by comparing the re-

sults obtained with the percentage of water vapor by volume

secured from simultaneous absorption of water from an air current

by means of sulfuric acid The air ivas passed at the rate of 30

to 40 liters per minute through a pair of weighed Williams bottles

contammg between 250 and 550 cc of sulfuric acid, and then to a

calibrated dry gas meter, and then mto the open air. The air ivas

passed a definite period of time, readmgs bemg taken of the tem-

perature of the metei* at the beginnmg and end, and of the volumes

recorded by the meter at the begmnmg and end. An observation

of the barometric pressure was made sometime during the period

of measurement. Durmg the time of the absorption by sulfuric

THK JOURKAl. OF BIOLOGICAL GHEMI&TRT, TOL 112 , NO 1
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acid, samples were periodically taken directly into the chemical

hygrometer from the air current for analysis at a point before it

entered the sulfuric acid and analyzed as rapidly as possible. An
example of the comparison of results obtained by the absorption

method and by the gas analysis method is given in Table I. In

TABIiB I

Example of Comparison of Determination of Water Vapor hy Chemical

Hygrometer with Absorption by Sulfunc Acid from an Air Current

January 10, 1935.

Absorption by Sulfunc Acid

Duration of period = 37 min
Total ventilation through meter = 1099,7 liters

Average temperature of meter » 24.0°

Barometric pressure = 752 mm
Gains in weight of sulfunc acid containers. No 3^ 7 16 gm. ;

No 11, 0 07 gm.

Calculation of percentage water vapor by volume

Total ventilation of meter

Keduction to 0° and 760 mm.
Meter factor

.

1099 7 liters

0 909

0 968

Total ventilation reduced 967 64 liters

Volume of water vapor absorbed (7 23 X 1 244*) « 8 99 **

Total air passed through system , = 976 63

Volume water vapor ^ 8 99 “

Total volume 976 63 “

= 0 921% water vapor by volume

Results mth Chemical Hygrometer
Apparatus 12 Apparatus 0

per cent per cent

0 938 0 938

0 906 0 907

0 908 0 921

0 917 0 922

* Pactor for conversion of gm of water to liters of water vapor.

the absorption method both the sulfuric acid contamers absorbed

water vapor from the air current. The total volume of ventila-

tion during 37 minutes was 1099.7 liters, as observed, the tempera-

ture was 24.0°, and the barometric pressure 752 mm. The total

volume of ventilation through the meter was reduced to 0° and
760 mm. by the factor corresponding to the temperature and the
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barometric pressure, and the factor correction for the meter which

had been previously calibrated. Since the air had been dried

before passing through the gas meter, no correction was necessary

for water vapor. This gave 967.64 liters. Obviously, to obtain

the total volume of air that entered the sulfuric acid containers

and from which the water vapor was absorbed, it is necessary to

add the volume of water vapor to the total volume of air passing

through the meter. This is obtamed by multiplying the weight

of water, 7.23 gm., by the factor 1.244, that is the conversion

factor of weight of water to liters of water vapor. This gives 8 99

liters, thus making a total of 976.63 liters having passed through

the ventilation system. To obtain the percentage of water vapor

by volume in this amount of air, the volume of water vapor ob-

tained from the above calculations, 8 99 liters, was divided by the

total volume of air that entered the sulfuric acid containers,

namely 976.63 liters. This gives 0 921 per cent water vapor by
volume. In this particular case, two chemical hygrometers were

used and three analyses were made from samples taken during

the course of the ventilation The first pair of samples was
taken immediately at the beginning of the ventilation through the

system and the last pair at the exact end of the ventilation through

the system. The other pair was taken practically midway
between the beginning and end of the period. The two chemical

hygrometers gave on the average 0 917 per cent and 0 922 per

cent water vapor by volume. A large number of comparisons of

this character were made in order to establish the reliability of the

method.

A series of 57 such comparisons with a range of 0.28 to 2.20 per

cent and an average of 1.17 per cent gave an average difference of

±0.013 per cent and a standard deviation of the differences of

0.0172 per cent. A series of thirty-three duplicate pairs from

samples, the content of water vapor of which averaged 1.74 per

cent, gave an average difference of 0.011 per cent and a standard

deviation of the differences of pairs of 0.0143 per cent. A series of

133 pairs of analyses with an average content of 0 84 per cent made
on two different apparatus gave an average of the differences of

0.011 per cent and a standard deviation of the differences of 0.0144

per cent.
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Application of Chemical Hygrometer

The chemical hygrometer can be used as a standardizmg instru-

ment for other types of apparatus for the determination of the

water vapor content of air. In this laboratory it has been used

as a control mstrument for the electrical psychrometer of Noyons

(10). This psychrometer is composed of t-wo exceedmgly sensitive

multiple thermocouples, one of which serves as a wet bulb. A
series of measurements was carried out with this apparatus in

which the voltage at 25® for a given amount of water vapor in the

air 'was measured and simultaneous determmation of the volume of

water vapor was made by the chemical hygrometer A series of

such comparisons gave a calibration curve for the Noyons electrical

psychrometer. Subsequently the psychrometer was mstalled m
the laboratory for mvestigation on anmial nutrition at the Uni-

versity of New Hampshire. A series of eighteen comparisons on

9 days gave an average of 1.33 per cent water vapor by the elec-

trical psychrometer and 1 31 per cent by the chemical hygrometer.

The average of the differences between pairs of comparisons was

±0.02 per cent. The psychrometer of Noyons, as calibrated by

this method, is of great advantage m securmg instantaneous read-

ings and thus rapid fluctuations are easily followed.

SUMMABY

An apparatus is described for the determination of water vapor

by volume in air. The apparatus is constructed on the principle

of a gas analysis apparatus in which the volumes before and after

removal of water vapor by an absorbent are read against a con-

stant volume kept dry by phosphorus pentoxide A large number
of comparisons with results obtained by weighing the water vapor

absorbed from air currents containmg 0 3 to 2 2 per cent show an

agreement of under 0.02 per cent on the average. The apparatus

is transportable and commercially easily reproduced.

I wish to acknowledge the assistance of Mr George Lee and
Miss Elsie MacLachlan in makmg the gas analyses, of Mr. Basil

James in makmg the standardization with the absolute method,
and of Mr. V. Coropatchinsky in the application of the electrical

psychrometer.
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ON THE QUANTITATIVE MEASUREMENT OF THE
ENZYME TYROSINASE
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(Received for publication, August 17, 1935)

In connection with securing highly active t3rrosinase prepara-

tions it was found necessary to know the relative enz3ane content

of different preparations, as well as the relative activities of differ-

ent preparations, from the standpoint of unit dry weight. To
obtain quantitative information of this sort, obviously a quanti-

tative unit of measurement is necessary. The necessity for such a

unit IS further emphasized in following the yields of the enzyme

in various purification processes, and in selecting different sources

for the enzyme. In looking over the literature, it was found that

Richter in 1934 (6) and others have attempted quantitative studies

of the activity of tyrosinase. However, due to the nature of the

study of the enzyfiae as it is being carried on in this laboratory, it

has been found convenient to adopt a new unit for measuring

tyrosinase. The magnitude of the unit selected is the amount of

enzyme, which, under conditions given below, will bring about

10 c.mm. of oxygen uptake per 1 minute. In the experiments

the rate of oxygen uptake was measured by means of a Barcroft-

Warburg respirometer, with flat bottomed 50 cc. reaction flasks,

the apparatus being run at about 90 complete oscillations per

minute. The temperature was 25°. The reaction mixtures

consisted of 4 cc of 0.1 per cent p-cresol, a desired volume of the

enzyme solution, 2 cc. of phosphate (0.2 M)-citrate (0.1 m) buffer

(pH 6 2 for the reaction mixture), and sufldcient water to make the

final volume in the reaction flask equal to 8 cc. The pH value

6.2 was selected because it is near the optimum hydrogen ion

concentration for tyrosinase action, and also because the addition

of the substrate or enzyme solutions causes no appreciable change

in pH of the mixture as is usually the case at other hydrogen ion

concentrations.
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136 Measurement of Tyrosinase

By plotting the oxygen uptake in c.mm. against timem minutes,

and comparing the slopes, correspondmg to the earlier part of the

reaction, it was found that, when low enough concentrations of the

enzyme were employed, the slopes were directly proportional to

the amounts of en2yine used, and hence could serve as a quanti-

tative measure of the relative amount of enzyme present. When

too large quantities of the enzyme were used (2 cc. of enzyme

solution, see Fig. 1, A), it was found that the enzyme was less

eflBicient, and hence the direct proportionality between the rate of

0 20 ^0 60 0 as 1.0 I.S zo
TIME m minutes quantity or ENZYMES

Fig. 1, A Fig. 1, B
Fig 1. Aiamina-dialyzed Preparation E-III

oxygen uptake and quantity of enzyme used no longer held.

Judging from the curves in Fig, 1, A, it will be seen that the addi-

tion of 0.47 cc. of alumma-dialyzed Preparation E-III, diluted 2

times, to the reaction mixture would make the time required for

10 c.mm. of oxygen uptake 1 mmute. In other words, 0 47 cc. of

this diluted preparation of tyrosmase contained 1 unit of the

enzyme, and hence 235 cc., for example, of the undiluted prepara-

tion would contain 235/0.24 = 980 umts (last value in Table I).

It is often desirable to know the degree of purity or activity, as

some prefer to regard it, of an enzyme preparation in the dry or
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solid state. This obviously can be ascertained by evaporating a
given volume, contaming a knovui number of units of the enz3mie,

to dryness, and then expressing the degree of punty either as dry

weight per unit of enzjnne activity or the number of units in a

selected weight of the enzyme material The weights given in

Table I were obtained by evaporating 16.13 cc. of the enzyme

Table I

Data Showing Number of Tyrosinase Units Contained in Given Volume of
Juicefrom Given Weight ofMushrooms^ and Influence of Certain Punfica^

tion Processes on Activity 'per Unit Weight of Solid Matter

3 pounds of mushrooms were divided into three equal lots, each weighing

435 gm. Each lot was pressed in a hydraulic press, and 235 cc of juice

were obtained in each case

^ Prepara-
tion No

Weight of
Cc containing 1 unit

1

Total Drv
dry solids
in 16 13 cc Diluted

1 5
Undiluted

units in
235 cc

eight per
unit

(1) (2) (3) (4) (5) (6)

gm mg

Plain juice E-I 0 8020 0 85 0 17
;

1385 8 4
E-II 0 7835

1

0 16 1468 7 7

E-III 0 7565 2350 4 7

Diluted
1 3

Alcohol-dialyzed E-I 0 0215WM 0 28 0 37

E-II 0 0230 0 21 1119 0 30

E-III 0 0170 0 17 1382 0 18

j

Diluted
1 2

Alumina-dialyzed E-I
1

0 0045 0 73 653 inE-II
1

0 0075 0 68 810 nH
1

E-III 0 0080 0 47 980m
solutions according to the method devised by Dr. Saul, of this

laboratory, for determining the time value of mvertase A
description of Dr. SauPs procedure is given by Lutz and Nelson (2).

The enzyme preparations used in the present study were ob-

tamed from common mushrooms (common or field mushroom,
Psalhota campestris). The mushrooms were broken up and
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placed in a press and the juice collected and filtered. Such a

preparation is referred to as platn juice.

Part of the plain juice was set aside for experimentation and

the remainder cooled and rapidly mixed with 2 volumes of 95 per

cent alcohol preeooled to —10®. The precipitate formed was

filtered as rapidly as possible and then taken up in water equal

to the original volume of enzyme This solution of the alcohol-

precipitated en2yme was next dialyzed in a rockmg dialysis appa-

ratus (for description see Lutz and Nelson (2)) for 3 days against

cold running water. This preparation will be referred to as the

alcohol-dialyzed enzyme solution.

Part of the alcohol-dialyzed preparation was set aside for

experimentation and the rest was adsorbed on a suspension of

aluminum hydroxide at pH 6.0, at which pH the tyrosinase is

adsorbed. The suspension was then filtered off and the enzyme

eluted at pH 8.0 by means of secondary sodium phosphate, and

the solution containing the enzyme dialyzed in the same way as

in the case of the solution of the alcohol precipitate, described in

the precedmg paragraph, and after dialysis the resultmg solution

was made up with water to equal the volume of the original enz3ane

solution. This solution of the enzyme will be designated as the

alumina-dialyzed preparation.

Fig. 1, A contams an example showing how the number of cc.

of a given preparation of tyrosmase, containing 1 unit of the

enzyme, was determined. It will be observed that, within the

experimental error, the slopes of the curves (c.mm. of oxygen up-

take against minutes) for the earlier stages of the reaction are

practically proportional to the amount of preparation used m the

reaction mixture This direct proportionality is emphasized more
clearly in Fig 1, 5, m which the slopes for three series of rate

curv-es (each series similar to the series shown in Fig 1, A), cor-

responding to three different preparations of tyrosmase, have been

plotted against the respective amounts of enzyme preparation.

Up to 1 cc of enzyme preparation, each senes givmg a straight

line, which shows that the rate of oxygen uptake, increases directly

with the amount of enzyme preparation used When, however,

too high concentrations of enzyme were used (more than 1 cc of

the preparations), then it will be noticed that the curves in Fig

1, B start to bend towards the axis, representing the amount of
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enzyme used, showing that at these higher concentrations of

enzyme the latter is not actmg catalytically at its maximum
efficiency

Column 5 m Table I shows that m this particular process of

purification of the enzyme about one-third of the total enzyme
originally present m the plain juice was lost m the following steps:

precipitation with 2 volumes of alcohol, redissolving in water, dial-

ysis against running water, and finallymakmg the dialyzed solution

up to the volume of the origmal juice, 235 cc. Adsorbing* the

en2iyme from the dialyzed alcohol-precipitated material to alu-

mma, eluting, and again dialyzing and making the final volume up
to 235 cc. was accompanied by an additional loss of 26 per cent of

the enzyme. On the basis of dry weight per unit of enzyme, the

alcohol treatment yielded a preparation 23 tunes more active than

the solid matter contained in the original juice, and the alumina

treatment produced a preparation 3 times more active than the

solid matter obtained by the alcohol treatment.

Certain investigators in this field (Onslow and Robinson (3),

Richter (6), and others) hold that the enzyme which catalyzes the

oxidation of p-cresol is different from the one which brmgs about

the oxidation of the dihydroxyphenol, catechol. In our previous

paper (1) results were obtained when p-cresol and catechol were

subjected to the action of potato tyrosinase, which pointed strongly

towards the view that the same enzyme catalyzed the oxidation of

both of these phenols, as suggested by Raper (5) and Pugh (4).

To follow up this question still further a comparison has been

made of the activities of preparations of tyrosinase from mush-

rooms on both these substrates from a quantitative standpoint

For the purpose the same enzyme preparations (Nos. E-I, E-II,

and E-III) were used as in the p-cresol experiments, and indicated

in Table I, Also the same reaction mixtures were used, except 4

cc. of 0.1 per cent catechol instead of the p-cresol. As pointed

out in the previous paper, the oxygen uptake is more rapid in the

case of catechol, and soon reaches a maximum, after which the

reaction stops. For this reason, instead of determining the

number of units of the enzyme in 1 cc. (the reciprocal of the values

given in Column 4 of Table I), as in the case of p-cresol, the total

oxygen uptake at the end of 60 minutes was used as the measure

of the activities of the preparations. In Fig. 2 are shown the
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oxygen uptakes with time for three alumina-dialyzed prepara-

tions (Nos. E-I, E-II, and E-III) with catechol as the substrate.

Upon comparing the total oxygen uptake at the end of 60 minutes

(data taken from the curves in Fig. 2), it is found to be 430 c.mm.

for Preparation E-I; 540 cmm. for Preparation E-II; and 660

c.mm. for Preparation E-III, When these activities are put on a

percentage basis, they become: Preparation E-I 65 per cent,

Preparation E-II 82 per cent, and Preparation E-III 100 per cent

By arranging the activities of the same enzyme preparations

towards p-cresol as the substrate (values taken from the last sec-

tion in Table I) on a percentage basis, it is found that here too the

three preparations show the same relative activities; Preparation

800
j

0 20 ^0 0 20 40 0 20 40 €0
TIME IN MINUTES

Fig 2. The oxygen uptakes plotted against time for three alumina-

dialyzed preparations, with catechol as the substrate

E-I 67 per cent, Preparation E-II 82 per cent, and Preparation

E-III 100 per cent In other words, the three alumina-dialyzed

preparations of tyrosmase from mushrooms show the same relative

activities tovrards both the monohydroxyphenol, p-cresol, and the

dihydroxyphenol, catechol.

From this similarity in activities of the tyrosmase towards the

tw'o substrates, the evidence is that W'e are dealmg with an enzyme

which activates oxygen in both cases This point has significance

with regard to W'leland's theory of dehydrogenation (7, 8). At
least in the case of catechol it can be said that even though it

appears that 2 hydrogen atoms are being removed in the formation

of the o-quinone, it is the oxygen that is being activated.
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SXJMMABY

1. A method for measurmg quantitatively the activity of tyro-

binase in terms of units is described.

2 Evidence is presented showing that the enzyme which cata-

lyzes the oxidation of p-cresol is identical with the one which

dehydrogenates catechol

3. Values are given for dry weight per unit of tyrosinase after

each treatment in the processes of purification of the enzyme, avS

well as the loss in actmty subsequent to each treatment m the

purification of the enzyme.
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The estimation of small amounts of estrogenic substance in the

urine necessitates its extraction from relatively large volumes of

fluid. This is generally accomplished by subjecting the urine to a

continuous extraction with one of a number of fat solvents. This

procedure requires the use of special apparatus and fairly large

amounts of solvents; it is time-consuming, expensive, and hardly

suitable for use in the routine laboratory.

In order to eliminate these difflculties, we have developed a much
simpler procedure. The principle of our method is based on the

previous observation that the closely related substance, cholesterol,

can be removed quantitatively from the tungstic acid precipitate

of normal or pathological urine (1).

Method

Our procedure for the extraction of estrogenic substance from

urine is as follows; To each liter of urine 50 cc, of 50 per cent

sodium tungstate are added. This mixture is acidified with con-

centrated sulfuric acid^ to a pH of 2 to 3, Congo red paper being

used as indicator. To the acidified solution, 60 cc. of 33 N

^ Sulfuric acid is particularly suitable for our method ia view of the

possibility that acid hydrolysis might result in greater estrogenic activity.

As Cuyler (2) has recently shown, this acid exerts the least effect in this

regard of all those which he tested, including the acids commonly used

for the continuous extraction method. In our method the precipitate

remains in contact with the acid at room temperature for an hour at most.

We have boiled urine brought to a pH of 2 to 3 with sulfuric acid for several

hours without changing the estrogenic activity obtained on assay.

143



144 Extraction of Estrogenic Substance

sulfuric acid are slcwly added and a heavy precipitate is formed.®

This is allowed to settle for 30 minutes and then centrifuged until

the supernatant fluid is clear. The latter is discarded. To the

residue are added 100 cc. of an alcohol-ether mixture (3:1). The
alcohol-ether mixture may be heated gently until it begins to boil,

or it may be allowed to stand at room temperature for 1 hour

without heatmg Extraction is completed by either procedure.

The mixture is then centrifuged and the alcohol-ether extract

decanted into a beaker. The residue is washed with another small

quantity of the alcohol-ether mixture, centrifuged, and the extract

added to that m the beaker. The combined extracts are evap-

orated to dryness and the residue extracted twice with 25 cc. por-

tions of anhydrous ether. 4 cc of cottonseed oil are added to the

ether extract and the mixture is heated gently until the ether is

driven off, leaving the oil m which the estrogemc substance is

dissolved. This oil is now ready for biological testing in rats or

mice.

Results

Adult spayed rats were used for our biological assays. The
material to be tested was injected subcutaneously in two doses,

admuustered 24 hours apart. 1 rat unit was considered to be

contained m the least amount of total ihaterial so injected, which

yielded a pure cornified vaginal smear withm 48 to 72 hours after

the first injection.

In order to estimate the efficiency of our extraction method, we
first determined the estrogemc activity of samples of urine from

pregnant women by injecting the untreated urine into rats. The
same samples were also treated by the procedure described above

and the estrogemc activity of the extract estimated in a similar

manner. Table I details the results m eight such comparisons.

In no instance was the activity of an extract less than that esti-

mated by the direct method. In fact, the extracts frequently gave

greater yields per cc of urine than could be anticipated by assaying

the untreated urine.

To test the accuracy with which various known amounts of

* When the 24 houi urine specimen is unusually dilute, so that it exceeds

1500 cc. m volume, it may be necessary to add more acid to obtain com-
plete precipitation.
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Table I

Estrogenic Activity of Untreated Pregnancy Urine, Compared mth Extracts

of Same Urine

Unne No
Itat units per cc of unne

Assay of native unne* Assay of extractf

1 >2 0 <3 0 >3 0

2 >5 0 <10 0
1

>5 0 <10 0

3 >5 0 <10 0
i

>5 0 <10 0

4 >6 0 <12 0 >6 0 <12 0

5 >2 5 <5 0 >4 0 <12 0

6
' >2 0 <6 0 >10 0

7
' >4 0 <8 0 >4 0 <8 0

8 >4 0
1

<8 0 >4 0 <8 0

* Six to eight animals were used at each injection level

t Four animals were used at each mjection level

Table II

Recovery of Added Estrogenic Substance by Tungstic Add Precipiiaiion

Method

Unne No Estrogenic substance (in unne)
added to negative unne

Hecovery of added estrogenic
substance*

rat umta rat units

1 1 >1
2 2 >2
3 2 >2
4 6 >6
5 8 >8
6 16 >16
7 16 16

8 16
i

16

9 16 16

10 16 16

* In these assays the amount of extract calculated to contam 1 rat unit

was injected. Where 1 or 2 units had been added, only one or two animals

respectively could be used Where greater amounts had been added, four

animals were used in each case Where > is used, strongly positive smears

were obtained in practically every test Where this sign is omitted, at

least half the test animals gave positive results.

estrogenic substance could be extracted, a number of recovery

experiments were done. To urine which demonstrated no estro-
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genic activity, we added different amounts of pregnancy urine of

known activity. The activity of extracts of this mixed urine was

then estimated. Table II details some typical results and demon-

strates that recovery of added estrogenic substance is uniformly

complete within the biological error of animal assay.

In Table III we have tabulated some results obtained with our

method on urines picked at random. The values that we have

obtained are quite consistent with those obtained in similar cases

by the continuous extraction method.

Table III

Estrogenic Actwity of Hour Urines Extracted by Tungstic Acid Preci'pi-

tation Method

TJnne
No Case

Estrogemo
substance, rat
uzuts per 24

hrs

Unne
No Case

Estrogenic
substance, rat
units per 24

hrs

1 Adult female >2 9 Adult male >2 <4
2 11 tt >6 10 tt tt >2 <4
3

\

>6 11 Menopause >1
4 >2 <4 12 tt >4
5

tt tt >8 13 Acromegaly >2 <6
6

It tt >16 14 10 yr. female <1
7 tt tt >16 15 10 “ male >2
S tt II >8

1

DISCUSSION

It wiU be noted that our extracts frequently yielded somewhat
higher assays than were obtained from corresponding amounts of

untreated urme. Similar differences between the results of assay

of untreated urine and of oil extracts of the same urine have been
previously reported by Smith and Smith (3) . They believed these

differences to be due to the slower absorption of the oil solutions.

This biological difference renders an exact recovery experiment

difficult. Under these circumstances, and until more comparable

techniques of assay have been devised, our results represent the

closest possible approach to the demonstration of quantitative

recovery of the estrogemc substance present in urine, by a method
in which the final product of extraction is dissolved in oil.
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SXJMMABT

A method is described for the quantitative extraction of small

amoimts of estrogenic substance from urine. The essential pro-

cedure is a preliminary precipitation with tungstic acid and

extraction of the precipitate with alcohol and ether.
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The interest that has been attached to the physiological behav-

ior of homocystme, particularly its relationship to the intermediary

metabolism of methionine and cystine, has directed attention to

the reduced form of homocystme. “VVe have therefore been

interested for some tune in the isolation of homocysteine in order

that certam of its chemical and physiological properties might be

studied.

In considering the possible methods of isolating homocysteine,

the likelihood of the formation of a thiolactone had to be borne in

mind. The presence of the —SH group in the y position makes
possible a thiolactone rmg analogous to the lactone of 7-hydroxy

acids. That such a ring closure can take place was demonstrated

by Baemstein (1) who isolated the hydroiodide of the thiolactone

of homocysteine formed by the action of hydriodic acid on meth-

ionine, a reaction ivhich we have been able to confirm, as we will

discuss later. It was, therefore, not advisable to attempt to

isolate homocysteine by the methods often employed for cysteine

in which the disulfide form is reduced with tin or zinc in hydro-

chloric acid and the reduced form isolated first as the hydro-

chloride. It ’was quite apparent that a more appropriate method
of approach would be one invohung an alkahne reduction, m w'hich

the homocysteine would not be exposed to the action of acid for

any appreciable length of time. Such a procedure as the sodium-

hquid ammonia method used m the preparation of cysteme by du

Vigneaiid, Audneth, and Loring (2) appeared to fulfil these require-

ments. From the fact that we had been able to prepare methionine

by reduction of homocystine in liquid ammonia by metallic sodium

149
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followed by metliylation (3), we were aware that homocystine

could be converted to homocysteine by this method of reduction.

We therefore took advantage of this reaction and we have suc-

ceeded in isolatmg the homocysteine in crystalline form as shown
in Fig. 1.

The isolation of homocysteine made possible a study of the very

interesting question of the ring closure of the compound. As
mentioned above, we have been able to confirm Baemstein’s isolar

tion of the hydroiodide of the thiolactone by the action of hydri-

odic acid on methionine. In addition we have been able to prepare

the same compound by the action of hydriodic acid on homo-
cysteine, which is a further confirmation of the structure that was

assigned by Baemstein to his compound.

For dealing with various phases of the chemistry of the lactone,

the hydroiodide, however, is not particularly suitable. We have

therefore tried to prepare some other salt of the lactone and have

been able to isolate a beautifully crystalline hydrochloride, as

shown in Fig. 2, by bringing about ring closure of the homocysteine

with hydrochloric acid. The rate of ring closure was found to

vary with the concentration of the HCl. For ©sample, when
homocysteine was refluxed with 0.1 n HCl, 50 per cent ring closure

resulted in 3 hours, while heating it in 20 per cent HCl brought

about practically complete conversion to the thiolactone within a

few minutes. At room temperature with concentrated HCl 50

per cent lactordzation resulted within 5 minutes and within 1 hour

complete closure was obtained.

With HsS04 it was found that refluxing homocysteine with 18 n
acid caused oxidation of the—SH to—S—S— to a much greater

extent than it did rmg closure. On the other hand, cold concen-

trated H3SO4 caused about 8 times as much ring closure as oxida-

tion. Refluxing the homocysteine with n or 6 n H2SO4 brought

about ring closure mainly, althou^ some oxidation did occur.

The experiments on ring closure were carried out in an atmosphere

of nitrogen and the amount of

—

SH remaining at any given time

was determined by iodine titration. The amount of disulfide

formed was determined from the difference in the titration values

for—SH before and after reduction.

As will be recalled, homocystine was originally prepared from

methionine by the action of 18 n H2SO4 (4) and it was suggested
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tliiit demethylation had with '^iih^Hjiieiit oxuiatiuii ul

The homocysteine so foimed to the di'-ulfide On the other liand,

a^ found by Baerii'^tem, demethylation of methKinine with

hydiiodie acid wa^ found to li‘a(l to the formation of the lactone

It was theiefoie lather puzzling how one c*ouId obtain homocy^^tine

from methionine with Nuifnne acid if h(jniocyst(‘in(‘ weie formed in

the reaction, as one might expect ring cIomih* to take pku'e in the

acid medium The oxidation, howewer, of homocy^ttune to

homocy'^tnie with 18 x H2SO4 . a*' r(‘ported abo\e, mak(‘s coinpi'e-

Fjo 1 Fig 2

Fig 1- Homocysteine crystals^ X 50.

Fig 2 Ci^'stals of the thiolactone hydi ochloride of homocysteine

X 100. From absolute alcohol.

hensible the formation of homoevstme from methionine wuth

homocysteine as an mtermediate

EXPERLMEXTAL

Pteparation of Homodfdeine— oOO cc three neck, round bot-

tom flask fitted with a meieury ^eal stirrer, a calcium chloiide

tube eontaimiig .''Oda-lime, and an inlet tube for the ammuina, wa-.

immer>ed in a large Dewai flask containing ^olid CO2 and trichloro-

ethylene. 25 gm of S-benzylhomocy^tenie jirepaied at (‘oi ding to

the method previously desciibcd (5) weie placed m the flask and

ammonia distilled from sodium was run into the fla^-k until about
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400 cc of liquid ammonia were added Since the S-benzylhomo-

cysteine is more soluble near the boilmg point of the ammonia, the

temperature of the solution was kept very close to the boiling

point Small amounts of clean c p metallic sodium were added

until a blue color resulted, which was peimanent for 5 to 10

minutes About 5 2 gm of sodium were necessaiy. Enough
ammonium iodide W’as then added to dispel the blue color The
ammonia w^as then allowed to dLstil and most of the lesidual

ammonia in the flask w^as removed by evacuation, caie being taken

to prevent any contact wnth oxygen The flabk w^as then flushed

out several times with pure nitrogen. 50 cc of fieshl^’’ boiled

distilled winter w^ere then pipetted into the flask and the solution

cooled in an ice bath 45 per cent hydi iodic acid w’as then added

carefully until the solution was just acid to litmus About 70 cc

of the 45 per cent hydriodic acid w^ere required The solution w^a^

pinkish browm in color and held in suspension some dibenzyl which

resulted from the debenzylation process A small amount of

nont w^as added and the solution filtered in such a mamiei as to be

only in contact w'lth pure nitrogen thioughout the proce-=:s To
the filtrate 500 cc of absolute alcohol w’ere added and the fla^k

allow^ed to stand in the ice box overnight The homocysteine

separated out in beautiful large flat crystals The piecipitate

was filtered out of contact wuth air and w^ashed wuth absolute alco-

hol and pure ethei It is necessary that both the alcohol and ethei

should be peroxide-, aldehyde-, and air-free The homocysteine

so prepared w^as dried over P2O6 at a low’ pressure 111 nitrogen 12

gm of the product w’ere obtained, w'hich was 80 per cent of the

theoretical yield.

The above pioduct, although beautifully crystalline and halogen-

free, contained a small amount of disulfide, by titration of the

sulfhydryl content by the Okuda method a sulfhydryl content of

92 per cent was obtained.

3 gm. of the pioduct w'ere dissolved in 30 cc of freshly boiled

w ater, cooled, and kept under nitrogen 100 cc. of absolute alcohol

w ere then added and the homocysteine that precipitated w’as filtered

immediately with the exclusion of oxj^gen and the filtiate made
up to 500 cc W’lth absolute alcohol After standing overnight in

the ice box the second fraction w as filtered It melted at 232-233°
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(corrected) and after being dried at a reduced pressure in an

atmosphere of nitrogen, the product gave the following analysis.

2.741 mg. substance: 0 243 cc. N2 at 23® and 771 mm.
4.581

“ “ : 7.889 mg. BaS04 (micro-Parr bomb)
62 3 “ : 22 81 cc^ KIO3 (1 cc =2 310 mg cysteine^ Okuda

method)
C4H9NO2S. Calculated. N 10 37, S 23.72,—SH 24 4

Found. ” 10 37, “ 23 65, “ 23 6

Preparation of Homocysteine Thiolactone Hydrochloride—5 gm.

of homocystine were dissolved m 50 cc. of 6 n HCl. Granulated

tin was then added and a few drops of 1 per cent platinum chloride.

The mixture was heated on a water bath for 2 to 3 hours and then

diluted to 250 cc. with hot boiled water. H2S was passed into the

solution and the stannous sulfide filtered. The filtrate was con-

centrated in vacuo in an atmosphere of nitrogen. Concentrated

HCl was added and the solution again concentrated. This was

repeated again and upon the concentration of the solution the

hydrochloride of the thiolactone of homocysteine crj^stallized.

The product was recrystallized from alcohol and ether. 4,6 gm.

of the material were obtained, representmg 80 per cent of the

theoretical yield. The compound melted at 200-201° (corrected)

and gave the following analysis.

2 870 mg substance: 0 226 cc. N2 at 26° and 763 mm. (micro-Dumas)

0 0303 gm. : 0 0461 gm BaSO^
01044 “ “ : 0 0974 » AgCl

C4H7NOS HCl. Calculated. N 9 12, S 20 88
,
Cl 23 08

Found. » 9 02
,

20 90, » 23 08

Preparation of Homocysteine Thiolactone Hydrochloride from 5-

Benzylhomocysteine—50 gm of S-benzylliomocysteine were reduced

by the method just described for its reduction in the preparation

of homocysteine. After the evaporation of the ammonia the flask

was evacuated, a current of nitrogen was passed through the flask,

and 50 cc. of cool, freshly boiled water were added quickly. The
solution was then subjected to reduced pressure to remove as much
of the remaining ammonia as possible. 200 cc. of concentrated

HCl were added and the flask heated on a boilmg water bath for 1

hour. After this period of heating the solution was concentrated
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in vamot 100 cc. more of concentrated HCl were added, and the

solution again evaporated. 200 cc. of absolute alcohol were added

to the residue and the solution concentrated to dryness to remove

the reniaming moisture. This was done once more and the dry

salts were then repeatedly extracted with small portions of boiling

absolute alcohol until the thiolactone was removed The com-

bined extracts were chilled in an ice bath and about 27 gm of the

thiolactone hydrochloride melting at 197-200° were obtained,

representing approximately 80 per cent of the theoretical yield.

The product was further purified by recrystallization from ethyl

alcohol.

SUMMARY

The isolation of homocysteine in crystallme form has been

reported.

The conversion of methiomne by hydriodic acid to the thiolac-

tone of homocysteine has been confirmed.

A crystalline hydrochloride of the thiolactone of homocysteine

has been prepared by the ring closure of homocysteine with

hydrochloric acid

Homocysteine was found to be oxidized to homocystine by 18 n
sulfuric acid, which makes more understandable the formation of

homocystine from methionine by the action of 18 N sulfuric acid

With weaker concentrations of sulfuric acid ring closure w'^as found

to predommate
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THE INFLI]ENCE OF THE INGESTION OFRAW PANCREAS
UPON THE BLOOD LIPIDS OF COMPLETELY DEPAN-
CREATIZED DOGS MAINTAINED WITH INSIILIN*

By I. L. CHAIKOFF and A KAPLAN

(From the Division of Physiology, University of California Jiledical School,

Berkeley)

(Received for publication, July 27, 1935)

In previous communications (1, 2) it was shown that in com-

pletely depancreatized dogs mamtained for long periods of time

with insulin and a diet containmg meat, sucrose, bone ash, and

vitamin supplements, there occurred a pronounced drop in all

lipid constituents of the blood. The most marked change was

found in the cholesterol fraction, the esterified portion of 'which

was reduced to very low levels. In contrast to these changes in

the blood, the lipid content of the liver was greatly increased,

occupying up to 46 per cent of the w’et weight of this organ. In

an attempt to throw further light on the mechamsm by which these
lipid changes are produced, it seemed of interest to investigate the

effects of the addition of raw pancreas to the diets of these animals.

The results obtamed for blood lipids are embodied in the present

report.

EXPERIMENTAIi

Female dogs were used throughout m this investigation. The
care of the depancreatized dogs has been described elsewhere (1).

Two diets were employed; (1) in the first the ammals received

meat, sucrose, bone ash, and vitamin supplements in amounts

* A prebminary report of a part of the results included in this paper

appeared {Proc. Soc, Exp, Biol and Med,, 32, 934 (1935))

The expense of this investigation was defrayed in part by grants fiom
the Research Board of the University of California, Berkeley, and from
the Christine Breon Fund for IMedical Research of the University of Cali-

fornia Medical School, San Francisco The insulin was generously donated
by Eli Lilly and Company
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158 Raw Pancreas Effect on Blood Lipids

pre\’iausly specified (1, 2) ; (2) in studies in which the effects of raw

beef pancreas were being observed the dogs received the glandular

tissue twice daily in addition to the above constituents. The

pancreas^ stripped of adhering fat, was cut into small pieces (or

occasionally ground) and mixed with the other dietary constituents

at the time of feeding. The composition of a mixed sample of

fifteen glands obtained by methods described elsewhere (2) is

recorded in Table II.

Whole blood was used for lipid analyses and the oxidative meth-

ods employed have been previously noted (1). The ammals were

fed and injected with insulin twice daily at 8 00 a m and at 4 00

p m ,
while blood for analyses taken just before the morning

meal was served Thus, at the time blood was sampled, all dogs

were in the postabsorptive state, having ingested their last meal

and received their last injection of insulin 16 hours prior to the

removal of blood. Preoperative lipid determmations were made

on postabsorptive blood obtained just before pancreatectomy.

Tme of Onset of Blood Lipid Changes in Completely Depancreor

tized Dogs Maintained vnth Insulin {Table I)—^Although the fall

m blood lipids has already been noted, the interval after pancrea-

tectomy, when the concentration of lipids in the blood began to

change, remained to be determined. Since cholesterol, particu-

larly the esterified portion, was most markedly affected by pan-

createctomy, the cholesterol content of whole blood was taken as

the index of the lipid changes. In the eleven dogs recorded in

Table I, free and ester cholesterol were determined immediately

before, and at repeated intervals between 8 and 202 days after

excision of the pancreas The preoperative values for cholesterol

esters ranged between 26 and 62 mg. per 100 cc. of whole blood, or

from 19 to 33 per cent of the total cholesterol. The lowest values

obtamed after pancreatectomy were between 0 and 10 mg. per

cent. The results show that a drop below the preoperative level

of cholesterol esters may occur as soon as 12 days and that this

constituent may disappear from the blood as early as 20 days

following pancreatectomy. The time at which these changes

occurred, however, varied in the eleven dogs Thus, while choles-

terol esters were reduced to 0 values in six of the dogs at intervals

between 20 and 70 days after removal of the gland, cholesterol

esters were still present—^although m greatly reduced amounts

—
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m the blood of Dogs D-12 and D-20 as late as 202 and 106 days

respectively after pancreatectomy.

Although the free cholesterol content of the blood decreased after

pancreatectomy, the changes produced in this constituent were

Table II

Effect of Ingestion of Raw Pancreas upon Whole Blood Lipids of Completely
Depancreatized Dogs Maintained with Insulin

The dogs received 125 gm of raw pancreas* twice daily in all diets fed

after pancreatectomy.

Dog Blood sample

i Cholesterol
Total
fatty
acids

1

Phos-
pho-
lipid

Total
Resid-
ual

Total fVee Ester
lipid fatty

acidst

iQ

' mg
per
100
cc

mg
per
100
cc

j

per
100
cc

’ per
cent

of
total

mg
perm
cc

mg
\

per

1

100
cc

mg
per

1 100
cc

mg
per
100

;

ee

D-5 Preoperative 10 2 161 126 35 22 352 338 513 100

68 days after pan-

createctomy

10 7 287 141 146 51 633
1

422 920 244

D-11 Preoperative 9 4 145 112 33 23 348 248 493 158

1

76 days after pan-

createctomy

9 9 214 128 86 40 470 375 684

i

156

D-18 Preoperative 8 6 131 103 28 21 328 316 459 96

76 days after pan-

createctomy

9 2 229 124 105

j

46 544 438 773
1

173

D-0 Preoperative 13 5 143 113 30 21 i 324 293 467 106

75 days after pan-

createctomy

12 0 205 132 73 36
'

412 350 617 125

D-P Preoperative 8 3 165 122 43 26 35i: 312 516 no
75 days after pan-

createctomy

7 5

1

289 137

i

152 53 474 442 763 67

* Average analysis of raw pancreas: total cholesterol 0 22 per cent,

phospholipid 1 87 per cent, total fatty acids 7 20 per cent, total lipid 8 62

per cent, w-ater 73 8 per cent

t Fatty acids other than those in combination with phospholipids and

cholesterol

not as great as those found m the esterified cholesterol. In seven

of the animals pancreatectomy led to a decrease of 11 to 21 mg. of

free cholesterol per 100 cc. of whole blood. In Dogs D-24 and

D-H, practically no change in free cholesterol followed the excision

of the gland, \vhereas in Dogs D-21 and D-25 a rise was observed.
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Bhod Lipids of Completely Depancreatieed Dogs Maintained vnOi

Insulin and Receiving Raw Pancreas in AV> Diets Fed after Pan-

createctomy—The five dogs in Table H received daily approxi-

mately 250 gm. of the glandular tissue in addition to the lean meat,

sucrose, bone ash, and vitanun supplements already referred to.

The ingestion of raw pancreas not only prevented the fall in blood

lipids but led to a rise in all lipid constituents above preoperative

values. The various lipid constituents did not share equally in

this rise in blood lipids. In 68 to 76 days followmg pancreatec-

tomy total fatty acids showed gains of 27 to 80 per cent above

preoperative values. Although a gain of 62 to 126 mg. per 100 cc.

above preoperative values occurred in total cholesterol under the

influence of raw pancreas in the diet, only a small part, namely 16

to 21 mg,, was due to free cholesterol. At an interval after pan-

createctomy when, as shown by Table I, cholesterol esters were

markedly reduced in the blood of completely depancreatized dogs

ingesting no raw pancreas, the inclusion of the glandular tissue in

the diets of the animals of Table II led to increases in cholesterol

esters amounting to 143-317 per cent above preoperative levels.

In Dogs D-5 and D-P the esterified cholesterol rose from pre-

operative values of 36 and 43 to 146 and 162 mg. per cent respec-

tively. The least gain in this blood constituent occurred in Dog
D-0, but even in this animal the concentration of cholesterol esters

in the blood more than doubled 76 days after pancreatectomy.

The phospholipid content of whole blood also rose above pre-

operative levels m the dogs that had received raw pancreas after

pancreatectomy. Increases between 57 and 130 mg per 100 cc.

of blood were observed in this constituent.

Effect of Ingestion of Raw Pancreas upon Lowered Blood Lipids

Produced by Pancreatectomy {Table HI)—Although raw pancreas

in the diet prevented the fall in blood lipids that was found to ensue

after pancreatectomy (Tables I and II), the question arose whether

this glandular tissue was still effective after low lipid levels had
been established. That even under such abnormal conditions

raw pancreas can raise the lipid concentration is shown by Table

III. The postoperative period of observation in these auimalH

may be divided into two parts: the first, a period in which no
pancreas was included in the diet, and the second, in which these

dogs received the glandular tissue twice daily. At the end of the
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Table III

Effect of Ingestion of Raw Pancreas upon Lowered Blood*^ Lipids Produced
hy Pancreatectomy

Cholesterol

1 h E
s

i-g
(a-1

Weight

Blood sample

Isiill I 1
1
pi)

o a 1

mg mg mg per mg mg 7ng mg
days per per per cent per per p^ per

100 100 of mm 100 100
cc cc cc total cc ec ec cc

D-20 Preoperative 167 132 35 21 395 340 141

7 8 105 days after 0 122 115 7 6 265 387 86
pancreatec-

tomy
8 7 139 days after 34t 222 133 89 40 492 363 714 1S4

pancreatec-

tomy
D-12 8 8 Preoperative 161 126 35 22

78 202 days after 128 116 12 9 363 295 491 156

pancreatec-

tomy
8 5 243 days after 41t 265 128 137 52 593 486 858 168

pancreatec-

tomy
D-E 6 6 838 days after 123 119 4 3 294 253 417 121

pancreatec-

tomy
8 7 940 days after 241 137 104 43 '538 448 779 162

pancreatec-

tomy
D-24 8 8 Preoperative 154 122 32 21 356 326 115

8 5 122 days after 0 120 118 2 2 262 235 382 104

pancreatec-

tomy
9 0 162 days after m 243 146 97 40 547 424 790 192

pancreatec-

tomy
D-25 9 7 Preoperative 167 117 50 30 342 329 509 85

9 9 96 days after 145 131 14 10 326 283 471 126

pancreatec-

tomy
10 8 130 days after 34t 258 137 121 47 571 476 829 164

pancreatec-

tomy

* Whole blood was used for the analyses.

1 70 gm. of raw pancreas twice daily.

i 125 gm. of raw pancreas twice daily.
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first period the cholesterol esters of the blood had fallen to 2 to 14

mg. per cent m Dogs D-20, D-12, D-25, and D-24, whereas after

the addition of raw pancreas to their diets cholesterol esters rose

from these low values to values between 89 and 137 mg per cent.

At 385 and 448 days after pancreatectomy 1 and 0 mg per cent of

cholesterol esters were found m the blood of Dog D-E (1). It is

again interesting to note that at 838 days after excision of the

gland the cholesterol ester content of the blood was still low;

namely, 4 mg per cent Despite the prolonged reduction of this

constituent in the blood, the addition of raw pancreas to the diet

for 102 days produced an increase in cholesterol esters from 4 to

104 mg. per 100 cc. of blood or from 3 to 43 per cent of the total

cholesterol.

Similar changes were produced in total fatty acids and phos-

pholipids. Both constituents had fallen below preoperative levels

at the end of the first period of observation during which none of

the glandular tissue had been included in the diet. The mgestion

of raw pancreas during the second period led to increases in phos-

pholipids and total fatty acids, the final values attamed being far

in excess of the preoperative

Response of Blood Lipids of Depancreahzed Dogs to Alternate

Addition and Removal of Raw Pancreasfrom Diet—^In three dogs a

study was made of the effects produced in blood lipids by alter-

nately adding and withholding raw pancreas from the diet A
typical result is shown in Chart 1, which clearly demonstrates the

readiness with which total fatty acids, phospholipids, and choles-

terol esters respond to the presence and absence of the glandular

tissue in the diet. Although high lipid levels are easily established

by the ingestion of raw pancreas, they cannot be mamtained unless

the glandular tissue is contmually included in the diet; com-

pletely withholding raw- pancreas resultsm a rapid and pronounced
drop from a previously established high level to one below normal.

Durmg the rise in blood lipids produced by the ingestion of raw
pancreas, total cholesterol values between 200 and 300 mg. per

cent were observed Such high concentrations were attamed
irrespective of w^hether the lipid rise began from preoperative

levels (as in the case of feeding raw^ pancreas to dogs immediately

after pancreatectomy) or w^hether the rise was effected after low

hpid levels had first been established by withholding the glandular
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tissue after pancreatectomy. The relation of the time factor in

these changes is also worthy of note. After 59 days of the gland

feedmg, total cholesterol in Dog D-P (Chart 1) rose to 292 mg. per

Chart 1, The response of blood lipids of Dog D-P (completely depan-

creatized and maintained with insulin) to the addition and removal of

raw pancreas from the diet. The heavy lines show the periods in which

250 gm. of raw pancreas were included in the diet daily. The dotted lines

represent the intervals during which the diet mixtures contained none of

the glandular tissue. The preoperative values for blood lipids are recorded

on the zero day.

cent. The continuation of pancreas feeding for 16 more days

failed to increase the cholesterol content of the blood above this

level. In Dog D-E (Table III) total cholesterol rose to 241 mg.

THE roUBNAL OF BIOLOGICAL CEEUISrBT, TOL. 112, NO 1
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per cent after 102 days of the gland feeding, whereas in three other

dogs recorded in the same table values of 222 to 265 mg were

observed after 34 to 41 days of pancreas ingestion. It would

seem that under the conditions of the present study the maximum
coiicentration of total cholesterol that can be produced by pancreas

feeding is below 300 mg. per cent.

DISCUSSION AND SUMMARY

The results of the present investigation show that the level of

the blood lipids of the completely depancreatized dog maintained

with insulin can be strikingly influenced by the presence and

absence of raw pancreas in the diet. When such ammals are fed a

diet containing none of the glandular tissue, a drop in the lipid

concentration of the blood sets in soon after pancreatectomy.

The time of onset of these changes in blood lipids was found to vary

among the animals studied. A drop below the normal or pre-

operative level occurred as early as 12 days after pancreatec-

tomy. In eight dogs cholesterol esters were reduced to between

0 and 3 mg per cent at intervals of 20 to 122 days following pan-

createctomy, while m three others 7 to 14 mg. per cent vrere still

found in whole blood as late as 96 to 202 days after pan-

createctomy.

The addition of raw pancreas to the diets of depancreatized dogs

bemg kept with insulin produced an entirely different blood lipid

picture. The various effects observed may be summarized as

follows:

1 When raw pancreas was mchided in all diets fed after pan-

createctomy, a rise mstead of a fall in whole blood lipids occurred

2 The addition of raw pancreas to the diets of depancreatized

dogs in which a low lipid level had first been established resulted in

a rapid and pronounced rise in all Iipid constituents The rise

was particularly strilang m the case of cholesterol esters. Thus,

in one of the dogs studied (Chart 1) cholesterol esters rose from 5

to 129 mg. per cent in a period of 23 days at the same time that the

concentration of total fatty acids and phospholipids almost

doubled

3. In dogs in which raw pancreas was included m all diet mix-

tures fed after pancreatectomy, the concentration of all blood lipid

constituents was always in excess of the preoperative level. As a
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result of the ingestion of the glandular tissue, total fatty acids rose

from preoperative or normal values of 324 to 352 mg. per cent to

412 to 633 mg. per cent and cholesterol esters from 28 to 43 mg.

per cent to 73 to 152 mg. per cent. Even in those animals in which

raw pancreas was added to the diets only after the blood lipids had

already fallen considerably below preoperative values, the lipid

levels finally attained were much higher than the preoperative.

4. The removal of raw pancreas from the diet at a time when

high blood lipid levels had been produced by its ingestion resulted

in a rapid and pronounced drop m blood lipids All lipid con-

stituents participated in the fall as they had in the rise High

blood lipid levels in the completely depancreatized dog kept with

insulin are found only so long as raw pancreas is being mgested,
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(Received for publication, August 19, 1935)

Since the antibodies of an immune animal are associated with the

globulin fraction of the serum proteins, it is very difficult by the

usual methods of preparation to obtam antibodies which are not

contaminated in various degrees with other serum proteins. For

this reason very few chemical investigations have been made of

what were considered relatively pure antibodies.

In a previous publication an analysis of Type II pneumococcus

specific precipitate was presented (1). Hewitt (2) has recently

made an investigation of diphtheria toxin-antitoxia floccules in

which he reported the amide N, monoamino N, diamino N, cystine,

tyrosine, and tryptophane. These values were compared with the

values for the same constituents in the crystalline albumin fraction

and the globulin fraction. By the chemical methods which he

used no marked differentiation of these materials from each other

was possible.

As is well known when the specific haptens of Type I and T3^e
II pneumococcus, which are carbohydrate in nature, are added to

antisera, a heavy precipitate is formed which is quite insoluble

and can be carefully washed and dried. It seemed quite possible

that such a precipitate should contain the antibody protein in the

purest form available, since the hapten is non-protein in nature and

the non-specific serum proteins could be washed out by means of

dilute salt solutions and water. Through the kindness of Dr. M.
Heidelberger and Dr. F. E. Kendall of Columbia University, the

author obtained a quantity of such purified precipitate from Type
I specific hapten and antisera which has been analyzed by the

methods in general use in this laboratory (3) and the results are

167
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reported m Table I. The specific precipitate contained about 5

per cent of the specific carbohydrate and the results have not been

corrected for this value. They are, therefore, directly comparable

with the values previously reported (1) for Ts^pe II specific precipi-

tate. The results of two anal3rses of 3 gm of protein are reported

in Table I, and for comparison an average of the results previously

reported for Type II specific precipitate are also included

»

Table I

Analytical Values for Type 1 and Type II Pneumococcus Specific

Precipitates

All values are corrected for ash and moisture* The nitrogen fractions

are expressed as percentages of the total nitrogen

Type I

Type II*

Sample I Sample II

Ash . 0 26 0 28 0 17

Moisture 4 9 4 8 6 1

Total N 15 8 15 9 16 0

Amide 4 3 4 7 3 7

Humin “ 0 6 0 6 0 6

Amino (after hydrolysis) 74 1 76 3 75 0
Phosphorus None None None
Sulfur 1 2 1 3 1 3
Tyrosine . 5 6 5 4 5 5

Tryptophane 2 1 2 0 2 2

Cystine 2 6 2 6 3 1 .

Arginine 4 9 5 0 6 5

Histidme 0 9 1 0 1 1

Lysine 5 4 6 3 4 8

Aspartic acid 4 7 4 5 4 4

Glutamic ** 6 3 6 8 6 3

* The values are averages of the analyses previously reported (1)

The results agree very closely with those obtained for Type II

specific precipitate (1) The only difference is in the cystine value

which for Type II was 3.1 per cent and for Type I is 2.5 per cent.

The difference between these is beyond experimental error, while all

other values for both substances resemble duplicate analyses of the

same substance.

In a general W'^ay the values agree with those reported in the
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literature for serum globulms but specific comparisons are almost

impossible since no smgle globulin fraction has been analyzed for all

the constituents reported here. The cystme and tryptophane

values are somewhat higher and the tyrosine values slightly lower

than those reported by Hewitt (2) for diphtheria toxm-antitoxin

floccules, for which amino acids the mean values were 2.05, 1 80,

and 5.85 per cent respectively From the comparative values

obtained in these investigations it seems probable that further

careful and complete analyses of highly purified antibodies will

afford valuable information concerning their chemical composi-

tion, their probable method of formation, and the nature of the

reactions between antigens and antibodies.
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CRYSTALLINE EGG ALBUMIN*

II. THE FRACTIONATION OF PEPTIC HYDROLYSIS PRODUCTS

Bt HERBERT 0. CALVERYf

{From the Department of Physiological Chemistry^ Medical School, Uni-
versity of Michigan, Ann Arbor)

(Received for publication, August 19, 1935)

In a previous investigation of the series (1) the importance of a

study of the action of enzymes on crystalline egg albumin was
emphasized and references to the early literature were cited. The
former results showed quite conclusively that when crystalline egg

albumin was treated with pepsm approximately one-third of the

peptide linkages in the molecule were hydrolyzed in from 8 to 40

days, depending on the amount of pepsin used. One of two con-

clusions could be drawn from this. Either tnpeptides were the

end-products of peptic digestion of egg albumin or if longer chain

peptides were formed it was inevitable that simpler products such

as dipeptides and possibly free amino acids were liberated in order

to account for the number of peptide linkages broken. The pres-

ent paper is a report of a fractionation of the peptic hydrolysis

products of egg albumin and of ihe information obtained by
chemical and enzymatic studies of these fractions.

EXPERIMENTAL

50 gm. of crystalline egg albumin and 10 gm. of pepsin (Difco,

1 : 20,000) were placed in a liter flask and made to volume with 0.3

per cent hydrochloric acid. A control with 10 gm. of pepsin was

run simultaneously and all results reported have been corrected

for the pepsin present in the digest. After 20 days the amino

nitrogen liberated was equivalent to 25.15 per cent of the total

* Paper I of this series is reference (1) of the bibliography.

t The author wishes to express his appreciation for a grant from the

Faculty Research Fund of the University of Michigan, which made this

mvestigation possible.
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lutrogen and 3 days later the same results were obtained, indicating

that equilibrium had been attamed This was equivalent to

approximately one-third of the peptide mtrogen and was in accord

with previous results, hence more pepsin was not added

The digestion was discontinued at this pomt by heating at 85®

for 10 minutes and filtermg from the small coagulum (300 mg.).

The clear jQltrate was concentrated in vacuo at 40® to 500 cc.,

cooled to 0®, and poured into 9 volumes of absolute alcohol. After

standing a few’ days at 0®, 6 gm. of matenal were filtered off.

The filtrate (Fraction A) was concentrated under reduced pressure

at low temperature to remove the alcohol and the volume made up

to 500 cc. The precipitate (Fraction B) was dissolved in water

and the volume made up to 250 cc The amino nitrogen of Frac-

tion A w^as 30 05 per cent of the total nitrogen, while after acid

hydrolysis the amino nitrogen was 77 9 per cent of the total nitro-

gen. In Fraction B the ammo nitrogen was only 16 36 per cent

of the total nitrogen and after acid hydrolysis the amino nitrogen

w’as 79.0 per cent of the total nitrogen Fraction B obviously

contains longer chain peptides than tripeptides and likewise Frac-

tion A must contam some shorter chains and possibly some free

ammo acids.

Further fractionation of Fraction B was obtained by treatment

of the solution with an excess of 10 per cent flaviamc acid. A
heavy oil separated which dissolved when the solution was heated

but appeared again w^hen the solution was cooled. After standing

at 0® for several days, the suj^rnatant liquid (Fraction Bp) was
decanted from the oil (Fraction Bp). Fraction Bp was dissolved

m 0.2 N sulfuric acid and sulfuric acid added to Fraction Bp to

0.2 N concentration. The flaviamc acid was quantitatively

removed from both fractions by extraction with purified butyl

alcohol. The amino nitrogen of Fractions Bp and Bp was 16 5

per cent and 14.4 per cent, while the arginine nitrogen determined

by isolation of the flavianate after acid hydrolysis vras 11 55 per

cent and 9.35 per cent respectively of the total nitrogen.

Fraction A was neutralized to pH 7 and extracted in a con-

tinuous extractor with butyl alcohol under reduced pressure at
35® for 48 hours. Three fractions were obtained: Fraction Aj, the

material not extracted w’lth butyl alcohol
;
Fraction A2,

the material

extracted with butyl alcohol but insoluble in absolute ethyl alcohol;



H. 0. Calvery 173

and Fraction A3, the material extracted with butyl alcohol and
soluble in absolute ethyl alcohol Fraction Ai was equivalent to

70 per cent of the original Fraction A, contained 26.4 per cent of

the total nitrogen as amino nitrogen, 2.0 per cent tyrosine, 0.74

per cent tryptophane, and, after acid hydrolysis, 78 1 per cent of

the total nitrogen was amino nitrogen. Fraction As (3 3 gm. of a
non-hygroscopic white powder) contained 61 1 per cent of the total

mtrogen as ammo nitrogen, 4 6 per cent tyrosine, 1.3 per cent

tryptophane, and, after acid hydrolysis, 71 per cent of the total

nitrogen was ammo mtrogen. Fraction A3 was equivalent to 20

per cent of the original Fraction A, contained 34 5 per cent of the

total nitrogen as ammo nitrogen, 6.9 per cent tyrosine, 2.5 per

cent tryptophane, and, after acid hydrolysis, 85 per cent of the

Table I

Increase tn Amino N Expressed As Percentage of Total N Caused hy Treat-

ment of Materials with Respective Enzymes and Acids

Fraction Aa Fraction Aa FractionBp
i

FractionBp

Erepsm 49 5 111 46 8 45 2 63 8

Aminopolypeptidase 36 8 7 0 35 2
1

38 2 54 6

Dipeptidase 12 0 4 6 10 4
1

5 3
1

8 2

Protaminase None None None 8 8 None
Acid hydrolysis

Total amino N (after

52 3 10 0 50 3 48 0 65 2

acid hydrolysis) 78 1 71 0 85 0 64 5 79 5

total mtrogen was amino mtrogen. The results obtamed by the

action of enzymes on the various fractions are recorded in Table I.

The dipeptidase vras prepared according to the method of Macrae

(2) and the other enzymes by the methods pre\uously described (1)

SUMMARY

The previous investigation which showed that approximately

one-third of the peptide linkages of crystallme egg albumm were

hydrolyzed with pepsin has been confirmed. The digestion

products have been separated into five fractions and some chemical

and enzymatic studies of these fractions show that they are quite

different from each other. The fact that Fraction A2 contains

only 10 per cent peptide nitrogen leads to the inevitable conclusion
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that free amino acids are present. Efforts are being made to iden-

tify some of the constituents of this fraction.

The results of the action of the specific dipeptidase recorded in

Table I lead also to the conclusion that dipeptides are formed

during peptic hydrolysis of egg albumin.

Results of further investigations by other methods of fractiona-

tion of -which a preliimnary report has already been made (3) will

be reported in detail in the near future.
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ACTIVATION OF ENZYMES

III. THE r6LE of metal IONS IN THE ACTIVATION OF AR-
GINASE. THE HYDROLYSIS OF ARGININE INDUCED

BY CERTAIN METAL IONS WITH UREASE

By LESLIE HELLERMAN and MARIE E. PERKINS

(From the Departynent of Physiological Chemistry^ the Johns Hophins Uni~
versity, School of Medicine^ Balttmore)

(Received for publication, August 22, 1936)

Earlier papers from this laboratory have dealt with the activa-

tion of urease (1) and of papain (2), with emphasis, particularly,

upon reversible inactivations by oxidizing agents and by certain

organometallic compounds. This communication describes an

investigation of the markedly differing activation chemistry of the

enzyme, arginase. There is stressed the conspicuous r61e appar-

ently played by metal ions in the arginase-arginine reaction, a

study of which has disclosed the conditions under which hydrolysis

of arginine may be extensive when induced only iy certain metal

ions with urease.

Although enzyme literature is replete with descriptions of the

activating and inactivating effects of various reagents {cf, (3)),

there have appeared only recently reports of investigations in

which has been attained a measure of success in the correlation of

some of these effects in terms of a rational chemistry. Progress

has been impeded in part by the difficulty of obtaining most

enzymes in a state of even approximate purity or in the reproduc-

tion by different workers of crude enzyme preparations possessing

suflEiciently constant behavior.

For our imtial studies in this field we selected crystalline urease

and papain, the properties of which promised relative freedom from

these difficulties. Controlled inactivations of these enzymes by
various oxidizing agents were found to be extensively reversible,

the reversals being effected by a number of reducing substances.

The inactivating effects of cuprous oxide and certain organic

175
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mercury derivatives, which are known to be mercaptide-forming,

were likewise shown to be reversed by suitable reagents. The
results as a whole seemed to support the tentative hypothesis that

for urease or papam such effects may largely be attributed to

reversible chemical actions upon thiol groups which for the present

may be assumed to be integral substituents of the enzyme mole-

cules themselves^ (1, 2).

While this simple and attractive picture may well reflect a

phenomenon of considerable biochemical importance, it can by no

means be regarded as universally applicable. This is sufiiciently

illustrated by a consideration of the diverse, and often contra-

dictory, findings of many recent investigators of arginase activa-

tion. The earlier opinions of several investigators (8, 9) concern-

ing the r61e of organic thiol compounds, e g, glutathione, as specific

activators of arginase were abandoned when it was found (10) that

the effects of such compounds are variable and that ferrous ion,

alone or used together with sulfhydryl (11, 12) or vith certain

other organic compounds (13), is a much more characteristic

activator. Little progress has as yet been made in defining

arginase activation (14, 15) in terms of a reversible oxidation-

reduction process, and there exists among various workers upon

this aspect no agreement as to the significance of the results

obtained.

Using a liver-enzyme preparation of satisfactory stability and

potency, of a high degree of specificity^ as arginase, and free of

thiol compounds that respond to nitroprusside, we have ascer-

tained that the arginase action neither is significantly altered by

1 The work of Shwachman, Hellerman, and Cohen (4) disclosed a striking

and perhaps significant analogy to these observations upon urease and
papain in the effects of oxidation-reduction and mercaptide-forming agents

upon the lytic action of hemolysin of pneumococci, Type II

* The concept of enzyme activity control through reversible oxidative

attack upon a grouping of the enzyme molecule was independently sug-

gested by Bersin and Logemann (6) m a paper upon papain which appeared

shortly after our communication upon urease and before our own experi-

mental work with papain activation was completed. Maschmann and
Helmert (6) suggested that the activation of cathepsins and of papam by
HCN is related to the reduction to thiol of dithio groupings in the protein-

enzyme molecules, and Bersin subsequently (7) interpreted his findings in

terms of thiol chemistry
* Unpublished work of Chester Stock and the authors
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mercaptide-forming organomercunals {e.g. CsHsHgOH) nor is

enhanced by sulfhydryl compounds like cysteine. Certain other

reducing agents, e,g. bisulfites, cyanides, and hydrogen sulfide,

which are also effective papam activators, likewise fail to activate

this argmase On the other hand, we have found that arginase

activity is enhanced under certain conditions by any one of the

ions, Co"*"^, or Mn^"^, as w'ell as Fe'*‘+. Indeed, the activity

is apparently restored and brought to its maximum by the simple

addition of cobaltous ion after treatment of the enzyme with such

inhibitors as quinone, ferric ion, or iodine. Furthermore, arginase

is suppressed by cyanide or by hydrogen sulfide, although partial

restoration from the action of the latter is readily effected by
suitable removal of the excess reagent; and the activity is more
completely reestablished by the subsequent addition of an appro-

priate “bivalent^^ metal ion. These observations reveal a striking

contrast between the mode of activation of arginase, on the one

hand, and of urease or papain, on the other They bring into

sharp focus the probable significance of metal ion chemistry for the

argmase-arginme reaction

This is of additional interest in view of the remarkable fact,

disclosed by this work for the first time, so far as we are aware, that

arginine (without arginase) is readily hydrolyzed, even at pH 7.5

at 30®, in the presence of certain metal ions (Co*^+, Ni++, Mn++)
when urease {crudejack bean or the crystalline protein enzyme) is also

present in the reaction mixture Quite apart from its inherent

theoretical interest, the latter discovery requires consideration in

comiection with certain analytical operations in addition to those

actually concerned with the study of arginase catalysis.

Methods

Arginase Preparation^—^The freshly excised liver of a calf is cut

into small pieces which are placed in crushed ice, in a glass con-

tainer. The chilled tissue (about 2 pounds) is ground and mixed

well during 1 hour wuth 300 ml of glycerol (u s p.). The nuxture

is pressed through several layers of muslin (in a meat press),

yieldmg an extract of perhaps 50 ml For present purposes this

IS discarded, and to the residue from this extract are added 500

ml. of w’ater. This mixture is stirred § to 1 hour, after which it is

* CA (16 ).
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pressed through muslin, yielding an ejctraet of about 220 ml. The
residue may be profitably reextracted and vorked up further, if

desired. To the fluid extract is added toluene, 26 ml., and, after

being well shaken, the mixture is allowed to stand in a refrigerator

for 12 hours. It is then centrifuged 1 to 1§ hours (at 2400 r.p.m.).

The top toluene-fat layer and a small amount of solid on the bot-

tom are discarded. To the somewhat cloudy middle layer is added

acetone (n.s.p.) until the precipitation of solid material is complete.

After the precipitate has settled, most of the yellow supernatant

liquid is remo'ved by decantation; the solid is collected on Buchner

funnels and washed well with acetone (c.p.). It is air-dried on

sheets of filter paper for removal of residual acetone, after which it

is dried in a vacuum desiccator over P2OB. This crude enzyme

powder (about 13 gm.) may be kept m a glass-stoppered bottle at

room temperature. Aqueous extracts of such material provided

the arginase used in this work. As implied in the foregomg,

continued extraction of the liver tissue with appropriate subse-

quent manipulations 3delds more crude ai^inase. The details were

worked out with the aid of determinations of enz3une activity upon

all fractions and this guided the selection of the fraction actually

used.

Arginase Solution—

A

solution of enzyme is freshly prepared by
addition of 5 mg. of the solid preparation to each ml of redistilled

water taken; the mixture is stirred, heated at 37“ for 1 hour, and

filtered. The residue is discarded. The clear filtrate contains

the enzyme activity and will be called hereafter arginase solution.

Such extracts have not yet been fully exammed chemically or

spectrographically. Coagulable protein is present; compounds
that respond to the nitroprusside test are absent; extracts, heated

with atoline plumbite, 3deld PbS. It may be noted that this

enzyme preparation has been found to be rather highly specific

as arginase. Work by Chester Stock and the authors (to be

described in a later communication) has demonstrated that this

arginase fails to catalyze the hydrolysis of o^hydroxy-S-guanido-

valeric acid (argininic acid) or 5-guanidovaleric acid under condi-

tions which permit the extensive hydrolysis of arginine.

Determination of Arginase Activity—^The development of a

quantitative method suited to this problem was aided by reference

to the work of Jansen (17), Edlbacher (18), and Hunter (19) and
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their collaborators. The urea formed by hydrolysis of arginiae

was determined essentially by Marshall's method (20) as adapted

to precision work by Van Slyke and Cullen (21). There follows a

description of a typical experiment

Water redistilledm glass apparatus was used throughout. Argi-

nase solution was prepared from some arginase powder which had

stood for several months. To 2 ml. of this, contained in a 25 ml.

volumetric flask, were added 8 ml. of water and 5 ml. of 1 M phos-

phate buffer, pH 7.5. In a parallel determination there then were

added 3 mg. of cobaltous chloride (CoClg^BHaO). Each mixture

stood 15 minutes (at 25°), after which it was brought to 37° and

treated with a few drops of caprylic alcohol and a solution of 45 mg.

of argimne carbonate (or an equimolar amount of argirdne hydro-

chloride) in 1 ml. of water. Hydrolysis was permitted to proceed

at 37° for exactly 2 hours; the flask was plunged into boiling water

and held there for 10 minutes, after which it was cooled to room
temperature and the following additions made, in the order

named: phosphate buffer (1 m, pH 7.6) 6 ml., sodium bisulfite

5 mg., sodium cyanide 16 mg., and 0.1 gm. of jack bean urease

powder (22). The volume was brought to 25 ml., a few drops of

caprylic alcohol added, and the mixture kept at 30° overnight,

after which it was filtered. Of the aqueous filtrate, 10 ml. were

added to 10 ml. of saturated K2CO3 solution and a few drops of

caprylic alcohol, and the ammonia carried into 0.02 N HCl by
aeration for 2 hours. The excess HCl was titrated with 0,02 n
NaOH, chlor-phenol red being used as indicator.

The results were as follows: With ammonia in 10 ml. was

found equivalent to 6.70 ml. of HCl (0.02 n) after correction by
subtraction of a blank (0.23 ml.) obtained in a control in which

arginine alone "was omitted; without Co’^'^, 3.66 ml. (corrected).

In a control in which arginase was omitted (Co++ and arginine

present) and urea, 10.0 mg., added immediately before the 2 hour

incubation at 37°, the acid found equivalent to NHs (from 10 ml.

of filtrate) was 6.61 ml. (corrected), the calculated amount (f.e.

equivalent to 4 mg. of urea) bemg 6.67 ml.; the correction was

applied by subtraction of 0.47 ml., obtained m a similar control

with urea absent.

Discussion of Method—^The development of details of the method

need not be discussed at length. Some of the factors considered
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will be treated briefly. Arginase solution from recently prepared

arginase powder was usually found to be more potent (when non-

activated by etc.) than the extracts of older preparations;

however, the maxiinal activities (activated enzyme) remained

fairly constant for months. Some variations are, therefore, to be

anticipated in the activity of different crude preparations and m
preparations of varying ages

In the typical determination (cited above), phosphate in the

reaction mixture was about m/3 Increase of the phosphate

concentration to f m, other conditions being unchanged, resulted

in a decline of about 15 per cent in apparent activity; enhancement

of activity accompanied a decrease to 0.1 m in the phosphate con-

centration A systematic determmation of the effect of ionic

strength was not of immediate importance. In a series of experi-

ments in which veronal (23) buffer (pH 7.5), present in a concen-

tration of 0.07 M, was substituted for phosphate buffer of the same

pH and concentration, the enzyme activity was not sigmficantly

changed. However, specific and general salt effects may become

of great moment, as is demonstrated by the observations of Hun-
ter at (19) of the marked depression of the activity by borate in

comparison with the effects of certain other buffers (pH, un-

changed)
; similar results were obtamed with this arginase. The

relation of pH to arginase activity has already been evaluated

(18, 19). For work at pH 9.5, we used Sorensen's glycine buffer,

taking due account of the potential reactivity of glycine toward

various reagents (e g. oxidizing agents). The argimne salts used

were preparations from gelatin, made and purified in this labora-

tory, or high grade commercial products.

Sodium bisulfite (used especially when quinone had been pre-

viously added, and not necessarily otherwise) and sodium cyamde
were added in order to protect urease agamst the action of various

reagents; e g ,
excess quinone, metal ions, etc (cjf. (1, 2)). It was

amply demonstrated by means of suitable controls that the accu-

racy of the urea estimations was not impaired An additional,

indispensable function of the cyanide -will be discussed later.

Fosse's xanthydrol method (24) for the estimation of urea as

adapted to arginase determmations by Karrer and Zehender (25),

was found of some utility for qualitative purposes but of limited

value for the quantitative needs of this work. Although no
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precipitation of dixanthydryl urea was obtained from mixtures in

which hydrolysis of argimne had not taken place, the weight of this

derivative obtained from hydrolyzed material was occasionally far

in excess of that anticipated on the basis of parallel urease deter-

minations. Such dixanthydryl urea was found by analysis (N)

to be impure and to contain ash.

niSCTTSSION OF RESULTS

A detailed account of the numerous individual experiments

underlying this work will not be attempted. A few representative

data are tabulated to illustrate the magnitude of the effects ob-

served under specified conditions The experimentation has

necessarily been guarded at every stage by adequate control

determinations.

It should be emphasized at once that comparisons of the results

of different investigators m this field must take account of the

var3dng experimental conditions employed. Argmase prepara-

tions are at best crude mixtures, varymg greatly in their content

of extraneous material. This material contributes to the activa-

tion picture and modifies the effects of added reagents. The
hydrogen ion concentration of the reaction mixture necessarily

influences the action of many reagents Specific effects of a buffer

salt may not be predictable. For example, ferric ion or selenious

oxide abolishes the activity of our preparation when added to the

enzyme before, but not after, the addition of phosphate buffer

(pH 7.5) ;
cobaltous ion activates regardless of the order of addi-

tion. Much of the arginase work already reported rests upon

cleterimnations of activity in glycine buffer at pH 9 to 9 5, pre-

sumably because this is near the pH range of optimal activity for

argmase. The preparation used by us was found sufficiently

active m phosphate of pH 7 5, a less '^favorable’’ region, where,

however, the enzyme is more stable (19) and the effects of many
added reagents are apparently accentuated. Most of our results

are based upon workm the lower pH range, although comparisons

were frequently made at pH 9 5.

Activating Effects of Metal Ions—^The activating effect of ferrous

ion upon arginase has already been emphasized by several authors.

It has been shown that this activation is often more reliable and
pronounced when the Fe^*^ is used together with organic thiol
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Table I

Effects of Reagents upon Arginase Activity, Activations^ Inactivations, and

Reojctivations by Specified Reagents

The procedure was essentially the same as for the typical experiment

described under ^Methods,” exceptions are noted. Activities are ex-

pressed as ml of 0 02 N HCl (corrected), equivalent to NHg present in

10 ml. of filtrate after urease action (10 ml, 'c* two-fifths of the reac-

tion mixture). Corrections were applied on the basis of controls (c/.

“Methods”).

Arginase
solution*

0 02 K
HCl
corre-
spond-
ing to
initial

activity

Reagents added

00217
Ha
corre-

spond-
lujsto
activity

A to Ft

ml.

3 42 CoClreHaO

ml

6 35

G 3 06 MnS04*4H20, 2 mg. 5 56

Same Ni(NO,),-6HjO, 3 mg 5 61

m 4 19 Co(N03)2 6H2O, 3 “
6 00

Same ZnS04-TO20, 3 mg. 3 56

15 5 02 Cysteine HCl (neutralized), 6 mg 4 31

Same I2, 0.01 N, 0 6 ml. 0 00
ti Same CoCi2*6H20, 3 mg 7 29

Jii 3 65 C0CI2.6H2O, 3 mg. 6 46

Same NaHSOs, 5 mg 3 34
et Benzoquinone, 1 mg 0 34
u Same 4* NaHSOa, 5 mg. 0 94
II “

-f CoC1*.6H20, 3 mg. 4 87
II “

-f- Ni{N03)2*6H20, 3 mg 3 73
II “ + FeS04 7H2O, 3 mg 0 28
II “ + cysteine HCl (neutralized), 6 mg. 1 71
II “ + “

-1- FeS04 7H2O, 3 mg. 3 94

K 3 60 Fe2(S04)i, 2 mg 0 20
It Same -1- C0CI2 6H2O, 3 mg If 2 51
II Fe2(S04)3, 2 mg ** 2 47

L 5 90 CeHsHgOH, 3 mg. + CeH^CHjHgCl, 3 mg tt 5 79

M« 3 86 E:3Fe(CN)6, 10 mg. 2 24
II

K3Fe(CN)6, 3 3 mg. 2 48
II K4Fe(CN)6 3H20, 4.2 mg 3 65
fl Ni(N08)2 6H2O, 2 mg. + K3Fe(CN)6, 3 3 mg 5 23
11 MnS04 4H2O, 2 mg. + K3Fe(CN)6, 3 3 mg. 4 37

N§§ 3 00 H2S water (saturated; about 0.1 m), 5 ml 0 75

Same Same + N2 treatment 1 85
II “ + “ + C0CI2 6H2O, 3 mg. 6 89

* Arginase solutions are arbitrarily lettered, for convenience
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Table I—Concluded

t Average of six deterroinations; the enzyme solution in each instance

was freshly prepared from the same stock sample of powdered arginase;

initial activities varied, 3.12 to 3 67 ml.; with cobalt (0.1 to 3 mg ), 6.44 to

685 ml. Magnitude of corrections: determination with cobalt, enzyme
omitted, 0.33 ml.; with cobalt, boiled enzyme solution present, 0 43 ml.

t Deviations from typical determination*, arginase solution 1.0 ml,,

glycine buffer (0 02 M, pH 9.5) 10 ml
,
instead of phosphate in the initial

mixture; cobalt or zinc salt added 15 minutes before the addition of buffer,

§ The initial reaction mixture to which reagents were added consisted

of 6 ml. of arginase, 4 ml, of water, and 10 ml of phosphate (1 M, pH 7.5)

;

the volume of the arginase-arginine digestion mixture, 21 ml.; the reagent

first added was permitted to act 30 mmutes before further additions. The
addition of cysteme with Co++ (after I2), in a parallel determination,

introduced no observable change from the effect of Co++ alone; “activity'

*

when Co'*^ was added directly to the mitial mixture, 8 24 ml. (93 per cent

hydrolysis); for Ni++ instead of Co++, 7.77 ml. When urea, 10,0 mg
, was

added after iodine and NaHSOs, 10 mg. (arginine present and arginase

omitted), the results were: found, 6.53 ml,; calculated for 4 0 mg. of urea
(sOp 10 ml. of urease-filtrate), 6 67 ml. The magnitude of reactivation

from iodine by nickel or manganous salts, or FeSO^^THjO (added as a solid

after the addition of some cysteme), was of the order of 60 to 75 per cent

of the cobalt effect. Cysteme, alone, occasionally effected slight reactiva-

tion,

II
Each added reagent was permitted to act 20 mmutes before any further

addition. Control determinations of urea in the presence of arginine and
various added reagents (arginase omitted) gave satisfactory results.

^ Ferric salt added before phosphate; phosphate added before cobalt

addition.

Added after phosphate.

tt Added to arginase, 5 ml ; the mixture stood 1 hour before the addi-

tion of 10 ml. of phosphate.

11 Beagents were added (after phosphate) in the order named in intervals

of 20 minutes; somewhat similar effects were observed when glycine (pH 9 5)

buffer was used after addition of reagents to the enzyme, but the magnitude

of the changes was less.

§§The second and third digestions were in pure N2 (c/. “Other

reagents**).

compounds or certain other substances with which it might com-

bine to form ferrous complex ions. Such results have also been

obtained in this work. This action of ferrous ion is usually inter-

preted in terms of a reduction. It seemed to us that this inter-

pretation nught require modification in view of our observations

of the failure of reducing agents of greater potency, such as HCN,
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H2S, organic thiol compounds, etc., to activate under var3dng

conditions. Thus, the effect might be related to some other

attribute of the ferrous ion, specifically the property of coordina-

tion (c/. (26)) with suitable molecules {e.g. derivatives of NH3)

This conception, which involves no umque property of ferrous ion,

prompted experimentation with a variety of ions, with the result

that ions of the other metals of the iron triad (Co++ and Ni++)

and, m addition, Mn'*"+ (c/. (27)) were found to be excellent

activators. Typical results are recorded in Table I. The arginase

in freshly prepared enzyme powder is more active than in older

preparations, but the enzyme in preparations several months old is

extensively activated m the presence of these ions. The effects

are less pronounced at pH 9,5 (glycine buffer) than at pH 7.5, and

this is especially true for Ni++. Cobaltous ion appears to be the

most potent activator. The ions, Cd+'^ and Zn’^+, exhibit no

comparable effect; Cd'^+ possibly activates slightly, while Zn++
IS inert or actually depressant {e.g. at pH 9.6). Certain ions

abolish the activity, apparently in part by precipitation of enzyme

substance. Examples are Cu+“*", Hg++ Ag+, and PtCle". Par-

tial restoration from the action of Cu++ is occasionally effected by
removal of the cupric copper by means of the prolonged action of

a zinc-platinum couple. In such instances, the further addition

of Co++ results in increased reactivation.

From controlled inactivations of arginase by qumone, iodine, or

ferric ion, the activity is readily restored and usually maintained

at its maximum by suitable addition of cobaltous ion. Ni++ and

Mn++ act similarly but in different degree.

Magnitude of Activation by Co'^—^This is most conveniently

gaged by a comparison of the relative rates of hydrolysis of argi-

nine, catalyzed by arginase with and without Co+‘*'. Table II

records some prehmmary results. Such observations are being

extended; their implications for arginase action need not be dis-

cussed here. It may be noted that, in the determinations with

cobalt, the reaction constant, calculated on the basis of an uncom-
plicated pseudounimolecular reaction, exhibits over the range

^ =s 31 5 to 181.5 minutes (arginine, about 85 per cent hydrolyzed)

a rather small deviation from the average value. This may be

somewhat fortuitous with the few data presented, but is certainly

less true for the hydrolysis mthoui cobalt The data afford a
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basis for rough comparison, and show, further, that under the

conditions the hydrolysis, with cobalt, is apparently nearer com-

pletion after 20 hours or less than after 48 hours, without cobalt

These observations suggest possible advantages in the use of

cobaltous chloride with argmase, under proper conditions, in

certain estimations of arginine, e g, in biological material.

Table II

Magnitude of Activation by Cobaltous Ion

The procedure was similar to that of the typical experiment described

under “Methods ** The determination after 121 5 minutes was inadveit-

ently omitted in the series with cobalt Each result represents an inde-

pendent determination; all determinations were started on the same day,

one preparation of argmase solution serving as source of enzyme for all

The reaction constants, K and iCco, were calculated rather empirically

with the use of the equation K — l/t In (a/a — a;); time, t, is expressed

in minutes; for a is used 8.66, the number of ml (corrected) of 0.02 n HCl
found equivalent to ammonia in 10 ml of urease-filtrate after 48 hours

hydrolysis of arginine (cobalt present), as compared with 8 82, ml. cafcu-

lated (complete hydrolysis of the arginine used); for x is used the corre-

sponding number of ml (corrected) of 0 02 k HCl found equivalent to

urea set free during time of arginine hydrolysis, t

Time of
hydrolysis

Arpnase (non>sctivated) Argmase CoCb 6H5O

0 02 N HCl
equivalent to
urea formed

K ^calculated)
0 02 N HCl

equivalent to
urea formed

A'Co (calculated)

min ml ml

31 5 1 39 0 0056 2 43 0 0104

61 6 1 81 0 0038 4 01 0 0101

121 5 3 31 0 0040

181 5 4 12 0 0036 7 45 0 0108

hrs

20 7 10 8 67

48 8 24 8 66

Other Characteristics of Activation hy Co++—Senes of parallel

determmatious of arginase activity, influenced by C0CI2 *61120

added to the reaction mixtures seriatim m specified increments

from 0 001 mg to 6.0 mg. show that the minimum concentration of

Co++ for maximal activation under the conditions is of the order

1 5 X 10~® M This is illustrated by typical data of Table III.

The corresponding optimal concentration for Ni+‘*“ may be placed

at about 2 X 10“^ m (a preliminary value) The ions (without
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arginase) do not as such display catalytic properties under the

conditions; this is proved by controls and by series of experiments

in which Co*^+ concentration is held above the optimal and the

amounts of arginase varied, from which it appears that the cata-

lytic action is directly proportional to the amount of arginase

added, with or without Co"*”**; the data are actually more consist-

ent when Co++ is present.

Table III

Activation of Arginase in Relation to Cohaltous Ion Concentration

Procedure—The specified amount of cobalt chloride in 1 0 ml of water,

added to arginase solution 0 5 ml., water 10 ml
,
and phosphate (1 m,

pH 7 5) 5 ml ;
the mixture stood 20 minutes before the addition of arginine

carbonate 45 mg., in -water, 1 0 ml.; digestion time, 3 hours; NaHSOs (but

not NaCN)* omitted The data are recorded in the two left-hand columns

;

initial activity, expressed as ml of 0 02 N HCI, 1 69 In the two right-

hand columns are recorded data from a similar series, by the same pro-

cedure except that arginase solution, 2 0 ml
,
was used and the digestion

time was 2 hours; initial activity, 3 97

CoCh BHsO added
,0 02 nHC1

equivalent to urea
formed

i

Ck»Gh BHaO added
0 02 N HCl

equivalent to urea
formed

mg ml mg ml

1 0 4 01 6 0 6 84

0 1 3 79 20 6 44

0 05 3 72 1 0 6 44

0 01 2 67 0 1 6 44

0 005 2 19 0 05 6 39

0 001 1 59
1

0 01 5 39

* Parallel determinations: (1) arginase solution hoiled before use (or

omitted altogether), and NaCN omitted; found, 5 53 ml ; (2) the same,

but arginine also omitted; found 0 21 ml. This illustrates the arginme-

metal-urease phenomenon (c/. Table IV and “Discussion”) and indispensa-

bility of NaCll^,

Inactivations by Oxidizing Agents; Reactivations by Certain Metal

Ions—Such oxidants as methylene blue and dipotassium indigo-

disulfonate exhibited no observable effect upon the activity of

arginase. Iodine or quinone drastically suppressed the activity.

From controlled inactivations by these reagents the activity w’as,

apparently, extensively recovered in the presence of Co++ espe-

cially and, perhaps, to a lesser degree, of Ni++ and Mn++ as Tvell
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as The reactivating effect of Fe++ was dependable only

when its use was preceded by that of some suitable reagent {e.g.

cysteine). The other ions were effective when added alone.

Beactivation from qumone was realized to a limited degree by the

use of cysteine or bisulfites. Arginase activity was abolished by
selenium dioxide (apparently irreversibly) and by ferric ion only

when the addition to the enz3nne of these reagents preceded the

addition of phosphate; from inactivations by Fe+++, the activity

was readily restored by The action of the system,

Fe(CN)»”:Fe(CN)6“, involved a noteworthy peculiarity. Ferro-

cyanide did not alter the enzyme activity significantly; depression

resulted increasmgly as the ratio of ferricyanide to ferrocyanide

was increased in mixtures of these ions added to the enzyme; but

complete inactivation of arginase was not readily effected, even

by the use of the oxidant Fe(CN)6“ alone. When a sufficient

amount of Ni++ or Mn++ was also present, the activity was not de-

pressed. Table I shows typical results.

0i3m Reagents—^Bisulfites and organic thiol compounds did not

activate this arginase; cysteine depressed the activity somewhat.

The supportmg action of cysteine, when used with Fe+''‘, has been

cited. It has been plausibly suggested (28) that such behavior is

related to the mamtenance in reaction mixtures of Fe^^ in the

reduced state. So potent a reductant as TiCls (in borate buffers)

was found incapable of enhancing arginase activity under condi-

tions where Co++ effected an increase. When these and other

reagents were added to aiginase, appropriate measures were taken

to avoid injury to the enzyme by an inadvertent alkalinization or

acidification.

The action of HCN upon arginase at pH 7.6 was, in general,

depressant (c/. (10)). At no timewas activation byHGN observed.

Hydrogen sulfide markedly depressed argmase activity (at pH
7.5) but partial restoration from the action of this reagent could be

effected by simple removal of the excess in a stream of air or mtrogen

or by precipitation of sulfide ions with Zn++. The further addi-

tion of Co++ ions established more extensive reactivation. Such

results were also obtainedwhen the reactions were carried out in an

atmosphere of pure mtrogen. For this purpose, buffered arginase

solution, alone or treated with HjS, and arginine solution, with or

without the addition of Co++, were separately swept with nitrogen
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(passed over CuO and Cu in the usual manner) in special all-glass

apparatus, so constructed that the solutions could be mixed m the

mtrogen atmosphere and the mixture maintained therein durmg
the digestion and the subsequent destruction of the enzyme by
heat. Argmase action can evidently take place in the absence of

air and the aciivaiions observed are also, apparently, independent

of an oxygen effect (c/. (15, 27, 28)).

The presence in reaction mixtures of mercaptide-forming organo-

inercurials, such as phenylmercuric hydroxide and benzylmercunc

chloride, had no observable effect upon the action of arginase

(cf. (2)).

Urease, Metals, and Arginase Activity

From the inception of this work, we adopted the practice of

adding sodium cyanide to the buffered reaction mixtures imme-
diately before the addition of urease in the estimations of urea

formed m the preceding step (hydrolysis of argmine). The
primary purpose was to insure protection of the urease agamst a

possible destructive action of some of the reagents (salts or orgamc

derivatives of heavy metals) added earlier. For example, certain

heavy metal ions would be bound as complex cyamde ions. Sec-

ondarily, cyamde might serve to inactivate any residual traces of

argmase Further, the presence of cyamde is favorable to urease

action (1).

In the later development of the work we were led by certain

theoretical considerations to test, as possible catalysts for the

hydrolysis of arginine (independent of arginase), mixtures of one

of the ions, Co++, Ni+‘*‘, ]Mn++, with various synthetic nitrogen

compounds that are known to coordinate i^^th such ions. Under
these conditions, the extensive hydrolysis of argimne was indeed

observed, but a careful analysis of the situation soon disclosed that

urease was in some manner involved This was made evident by
the following* (1) increase in the amount of cyanide added before

the addition of urease or decrease in heavy metal ion concentration

(and omission of any synthetic material) abolished the effect; (2)

when arginase and NaCN were both omitted in the typical deter-

mination with Co++ (described in a preceding section), there was
observed extensive hydrolysis of aigmine. It is concluded that

significant hydrolysis of arginine i72 ike absence of arginase results
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when urease and cobaltous ion are both present in the reaction

mixture.

Subsequent investigation proved that Co+"^ may be replaced by
Mn‘^+, or (apparently) Fe'^+ plus cysteine. Indeed, with

some samples of crystalline urease, particularly at a higher pH
level, appreciable hydrolysis is observed \^nthout added metal.

Does such urease ^^contain^' effective metal {e.g
,
as impurity) or

does it function as such simply by the usual catalytic action upon
urea hydrolysis, effecting the removal of one of the products of ar-

ginine hydrolysis'!^ Further experimentation should clarify these

and many other matters requiring explanation.

The urease-metal effect described was observed alike with crude

jack bean urease and crystalline urease (29). Efforts to refer the

effect to some constituent of jack bean other than urease have

been unsuccessful.

Table IV records some of the results

Sodium cyanide, as applied in this investigation, apparently

serves effectively to inhibit this urease-metal action. Its indis-

pensabilitym the evaluation of argmase activity in this investiga-

tion needs no further comment The bearing of these results

upon analytical operations involving in general the use of urease

111 the determination of urea, where arginine and certain metal

ions may also be present, is obvious.

Theoretical

The experimental results emphasize certain noteworthy char-

acteristics of arginase activation. Some of these are (1) the failure

of several potent reducing agents, e,g. those that activate papain,

to activate partially mactivated arginase, or to effect, under the

conditions used, the extensive restoration of the activity after

controlled mactivations by oxidants; (2) the competency of certain

metal ions, e,g, 00+"^, Ni+'^j Mn++, to effect such activations or

reactivations; (3) the depressant or mactivating effect of HCN
and H2S, in contrast to the favorable action of these reagents upon
papain or urease activity

There are significant objections to an mterpretation of the

observed action of an ion like Co++ in terms of a reduction. In

Table V are listed for comparison recorded values of the potentials

of Co+++:Co++and other “positive'^ systems with those of several
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less “positive*’ electromotively active systems. In so far as it is

permissible to apply such data here it may be said that it is ex-

tremely unhkely that the reductant ion of so positive a system as

Co+++:Co++ might, of itself

^

function to reduce an enzyme. The

Table IV

Hydrolysis of Arginine in Presence of Urease and Certain Heavy Metal Ions

Crystalline urease prepared from 100 gm. of jack bean meal was dissolved

in 25 ml. of water. Determinations were conducted as follows: metal salt

was added to the mixture, urease solution 5 ml
,
water 10 ml., and phos-

phate buffer (1 M, pH 7.5) 3 ml.; after 20 minutes some caprylic alcohol and
arginine carbonate, 45 mg., were added; digestion, 20 hours at 30®; 3 ml.

of phosphate were added and the mixture held 10 minutes at 100®, and

then brought to 25 ml ; NHa was determined in 10 ml. Eesults are ex-

pressed as ml. of 0.02 n HCl equivalent to NHa

Heagent added 0 02 JT HCl

ml

None 3 76’*'

CoCls 6H2O, 2 mg . . . 8 72tt
Ni(N0»)2-6H20, 3 mg 8 76

MnS04*4H20, 3 mg .

.

Cysteme hydrochloride (neutralized) + FeSOi 7H2O,
8 67

3 mg ... . 6 83

CflHiiHgOH, 5 mg, 4- CoClr6H20, 2 mg. 0 19S

* Parallel determinations: (1) crude urease (22), 0 1 gm
,
substituted

for crystalline urease, HCl, 0 32 ml.; (2) digestion time (crystalline urease

used), 2 hours (instead of^ hours), HCl 0 17 ml.

t Controls: (1) boiled urease solution used and all other factors un-

changed, HCl 0 10 ml.; (2) arginine (only) omitted, HCl 0.05 ml

t Parallel determinations: (1) crude urease, 0,1 gm., substituted for

crystallme urease, HCl 8 82 ml.; (2) digestion tune (crystalline urease

used), 2 hours (instead of 20 hours), HCl 1.96 ml. Controls with crude

urease: no NHs obtained when only urease or arginine was omitted; nor

when cobalt was present and urease or arginine was omitted

§ CeHsHgOH inactivates urease (c/. (1)) but does not inhibit “true**

arginase activity (c/. Table I) ;
application of the xanthydrol test failed to

detect urea in the final mixture.

limited degree of inactivation exhibited by ferricyanide ion is of

interest in this connection. It has been shown that cobaltous ion

reactivates arginase, initially treated with inhibiting ferric ion.

This can scarcely be ^'reduction” in the accepted sense. Finally,
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the failure of certain common reducing agents to reactivate has

already been pointed out.

The depressant action of HCN and H2S upon arginase suggests

that the enz3une, itself, may partake of the nature of a heavy metal

complex (c/. (10)). If such a suggestion is tenable, there is pro^

vided a basis for the correlation of most of the facts observed.

If the metallic component of such a complex molecule is present in

a reduced state when the enzyme is active, the following might be

assumed. Inactivation by oxidants might involve (1) simple

oxidation of the complex, reversed by suitable reduction; or (2)

separation of the metallic ion or component from the remainder of

the molecule, possibly coincident with the oxidation of the former.

The second, more drastic event, would correspond to usual experi-

ence, If so, suitable reduction might, under favorable circum-

Tablb V
Potentials* of Yartous Oxidatiou’-Reduction Systems

System Volta System Volt

Co+++ Co++ 1 81 Fe+++.Fe++ 0 747

Ce-^ Ce+++ 1 5 iU I- 0 534

i Cla:Cl- 1 36 Fe(CN)6=.Fe(CN)6^ 0 486

Washburn, E. W., International critical tables of numerical data,

physics, chemistry and technology, New York, 6, 332 (1929).

stances, be accompanied by recombination of the enzyme frag-

ments, However, partial reactivations are only occasionally

brought about by reductants, while reactivation by 00*^+, etc., is

more dependable and complete.

The depression of activity by hydrogen sulfide might conceiv-

ably result (a) by the formation of a loose addition compound
with the metal-enzyme, from which the enzyme is regenerated by
suitable removal of H 2S; or (&) by disruption of the metal-enzyme

and, possibly, conversion of the metallic component to a sulfide.

It has been shown that a partial regeneration of activity is, indeed,

readily obtained. It seems significant that, in this instance also,

extensive restoration has been effected by the suitable addition of

cobaltous ion.

A rather plausible explanation of the activating property of the
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effective ions, Co’^+, Ni++,M11++, or Fe++, rests upon the assump-

tion that such 10ns (probably maintained in their reduced states)

may replace, more or less readily, the metallic atom or component,

characteristic of arginase, when that component has been lost to the

enzyme by some process which has not mjured the rest of the mole-

cule Such reactivation by “substitution'' would be intimately

related to the very characteristic property of these ions to form

metal-coordinated complexes (e g the so called metal ammines).

The metal ammines derived from reduced ions (Me++) are often

less stable than their oxidized analogues. Their existence is,

however, unquestioned. The assumed coordination in the activa-

tion picture might be conceived as involving both enzyme and

substrate through contributions of suitable groupings by each

{e.g a portion of the guanido group of argimne). This assigns

to the metal an interesting r61e m the buildmg of an enzyme-

substrate compound. It is conceivable that such coordination

would eliminate resonance m the positively charged component

e. the guamdimum grouping) of the arginine zwitter ion. Molec-

ular resonance has been plausibly assumed to exist (30) in the ion

formed by addition of to guamdme or a guamdmo group. In

the present instance, the “fixmg" of bonds in the guanido group

through enzyme-metal coordination might be reflected m promo-

tion (acceleration) of hydrolysis in the direction of formation of

ornithine and urea, with concomitant regeneration of the metal-

enzyme. This hypothetical mechanism of arginase action may
possibly find apphcation in the further studyof the arginine-metal-

urease phenomenon already described.

SUMMARY

With the enzyme preparation used, it has been found that

argmase, under the experimental conditions, is neither activated

nor, after treatment with various oxidizing agents, reactivated by
cysteine and other reducing agents that are known to activate

papain Arginase may, however, be effectively activated, or

reactivated after treatment with oxidants, by certain metal ions,

specifically Co++ Ni++, or Mn++ (as well as Fe++) Cobaltous

ion effects also the complete restoration of argmase activity after

the enzyme has been inactivated by hydrogen sulfide and the

excess of the latter removed.
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Organomercunals of the type RHgX do not inactivate; ferri-

oyamde ion suppresses the activity incompletely; and the ions,

and Ag+ destroy the activity, in part, by precipita-

tion of the enzyme substance. The action of HGN is depressant.

The magnitude of activation by cobaltous ion is illustrated by

appropriate rate measurements; certain other characteristics of the

activations are also indicated

On the basis of the results, the argmase molecule is visualized as

contammg a metallic component which may be oxidized, or sepa-

rated from the rest of the molecule by the action of oxidizing agents

or certam other reagents. The observed actions of cobaltous ion

and the other effective ions are interpreted, not as reductions, but

rather in terms of the characteristic property of these ions to

coordinate with suitable molecules or groupings to form complex

molecules. This suggestion may include an implication regarding

the r6Ie of the metallic component m the building of an enzyme-

substrate compound.

Argmine, without argmase, is hydrolyzed in the presence of one

of the ions, Co++, Mn++, Ni++, and under certain conditions,

when urease is also presentm the reaction mixture Organo-

metallic suppressors of urease activity also suppress this ejBfect.

Cyamde diminishes the argimne-metal-urease effect, but, being a

urease activator, does not prevent the independent hydrolysis of

any urea also present in the reaction mixture. The bearmg of

these results upon the conduct of certain analytical operations is

indicated.
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In the series of acids of the general type

CH,

I

H—C—COOH
I

(CH,)»

I

CJI,

(n = 0 or an integer) the configurational relationships of the acids

with 71 =s 1 and 2 have already been established,^"*^ In order to

elucidate the effect on the rotations of the acids of this type of the

distance of the CeHe group from the asymmetric center, there

remained to correlate the configuration of the acid with n — 0 to

the above two acids.

Inasmuch as the configurations of methylphenylacetic acid

to methylethylcyclohexylmethane had already been established,

there remained to correlate the configuration of this hydrocarbon

to that of methylethylacetic acid. The principal set of reactions

by which this task w*as accomplished is given in Table I,

From the fact that levo-methylethylcyclohexylmethane (IV) is

correlated to dextro-methylethylacetic acid (I) and dextro-methyl-

ethylhexylmethane (VI), it fcHows that dextro-methylcyclohexyl-

acetic acid (VII) is correlated to dextro-methylhexylacetic acid

(II) and to levo-methylethylhexylmethane (III). It therefore

^ Levene, P. A., and Marker, R. E., J. Biol Chem
, 110, 299, 311 (1935).

* Levene, P. A., /. BioL Chem
, 110, 323 (1935),

* Levene, P. A,, and Harris, S. A., J, Biol, Chem , 111, 725 (1935).

195



196 Methylphenylacetic Acids

follows on the basis of the observations of Levene and Marker/

of Levene/ and of Levene and Harris^ that the configurations of

Table I

Set of Reactiom Leading to Correlation of Configuration of Derivatives

Containing a Hexyl, Cyclohexyl, or Phenyl Group

CH,

I

H—C—C.Hu
I

GH.

Dextro

VI

I
CHa CHa CHa

1 . 1 1

H—C—COOH - H—C—CeHii
1

H—C—CeHa

1

CaHa
1

c&
j

CaHa

Dextro Levo Dextro

I IV V

CH, CHs CHa CH,

1 1 1 1

H—0—COOH - » H—C—CjHj H—C—aHj f

—

H—C—COOH
1 1 1 1

CsHia C,H„ CsHu C,H„

Dextro Levo Dextro Dextro

II III VIII VII

1
T T

11
CH, CH,

1 1

H--C—CaHa < H—C—COOH
1

CeHfi

1

CflHa

Levo Dextro

X IX
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the acids containing a phenyl or a cyclohexyl group are correlated

on the one hand among themselves and the other hand to the corre-

sponding normal acids, as given in Table II.

Effect of the Distance from the Asymmetric Center of Phenyl and
Cyclohexyl Groups on Rotations of the Substituted

Acetic Adds

Case of the Phenyl Group—It may be seen from Table II that the

substitution of the n-hexyl group by a phenyl enhances the rota-

tion to a very high degree. In the case of the substitution of an

n-heptyl group by a benzyl group, the rotation is only slightly

enhanced. Thus the removal of the CeHs group at a distance of

one CS2 group seems to have little effect on the rotation, but the

substitution of the normal octyl group by a phenethyl again

brings about an increase of the rotation in the same direction.

Thus there seems to be an alternation in the shift of the rotation of

the acids of the first row of Table II with the successive increase

of the distance of CeHs from the asymmetric center.

Case of the Cyclohexyl Group—^In this case no marked difference

is observed between the rotation of the normal and cyclic series.

No periodicity is detected in either of the two series.

Attempt to Correlate oirHydroxy Acids with Corresponding Normal

Disubstituied Acetic Acids—^The question arises whether the

knowledge of the configurations of the hydrocarbons given in

Table II may serve for the correlation of acids of the type

OH
I

H—G—COOH to acids of the type

1

R

(R a normal alkyl group, phenyl, benzyl, phenethyl, and their

hydrogenated groups).

CH,

1

H—C—COOH
1

R
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This task can be accomplished if it is admitted with Boys* that

for simple substances such as

CH, OH
1 I

H—C—CjHs or H—C—CjHs

1 1

R R

(R = C3H7 or a higher homologous radicle) the absolute configura-

tion is determined by clockwise or counter-clockwise arrangement

of the radicles accordmg to their mcreasmg volume (H < OH <
CHs < C2H6 < CnH2n -H 1 = 3 or a higher integer). This

assumption was borne out by the experimental observations of

Levene and Haller® and Levene and Marker.® Boys defines such

spatial configurations as dextrorotatory which, viewed from the

group with highest volume towards the observer, have the remain-

ing three groups in clockwise order according to the descending

volumes of the groups A < B < C < D.

In projection the dextrorotatory hydrocarbons may be repre-

sented in such a way that groups are arranged clockwise in descend-

ing order of volume, the groups A and C situated in the plane of the

paper and the groups B and D in a plane above the paper. The
B

plane of the paper is represented by the lighter line as C—— A.

D
On the basis of this assumption the above hydrocarbon and

carbmol are considered levorotatory. It would then follow that

OH CH,

1 I

H—C—COOH and H—C—COOH
I I

R R

Dextro Dextro

(R = as above for both substances) are configurationally related.

* Boys, S. F., Proc. Roy, Soc, London^ SerieB A, 144, 655 (1934).

» Levene, P. A., and Haller, H. L
,
J. B\ol, Chem,, 79, 476 (1928).

• Levene, P A
,
and Marker, R. E., J, Biol, Chem,, 91, 761 (1931).
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Table III—Maxzmum Molecular Eotaiionc of Configuraliont^^

OH
1

OH
1

OH
1

OH
1

OH

H—C—CaH*
(

H—C—

C

52H6

1

ClJIu

H—C—CaHj
1

1

H—0—CjHs
1

H-c-cyi.

aHu O.H. CH:

1

1

CHi

CftHij
1

C.H,i

-11 6" +115“ +397“ -10 6“ -42.0*

CH, CHa CHa CHj CH,

1
1 1 1 1

H—C—QHft
1

H—C—CsHb

j

H—C—

C

2H 6

1

H—C—CjHj H-C-GHi
1

1

CiiHij CaHn CaEfi CHa

1

1

CHi

1

C,HuCsHii

-12 5“ +19 6“ -36 5“ -12 5“(App.) -193“

Correlation of Phenylated Secondary CarUnols of the Type

OH CH,

I
to the Hydrocarbons of the Type

|

{CH2)n (CH,)n

R R

In the above ?i = 0 or an integer, R = a phenyl or cyclohexyl

group.

Inasmuch as the carbmoLs of the above type Tvith n = 0, 1, and

2 have been previously correlated among themselves and every

one to the corresponding normal secondary carbinol/ all the

carbinols given in the first row of Table III may be correlated to

’ Levene, P A,, and Stevens, P. G
,
J. BioL CJiem

, 89, 471 (1930)

;

87, 375 (1930). Levene, P. A., and Walti, A
,
/ BioL Chem., 94, 367 (1931).

Levene, P. A., and Marker, R E., J, BwL Chenuj 97, 379 (1932),
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ated Secondary CarlinoU and Trisuhshiuted Methanes

OH
i

OH OH OH
1 1 1

H—C—GHs
1

H—C—C2H6

I

H—C—CaHa

1

CHa

H—C—CaHa

1

CHj

1

CH*
1

CHj

1 1 1

OsH, CHj

1

CHj

1

C.Hu

CHa

C.H:,
1

C.H.

-51.7° -10.7° -10.0° -810°

CH. CHa

1

CHa

1

CHa

1

H—C—CiHi

1

H—C—CaHa H—C—CaHa
j

H—C—CaHfi

1 1 1

CHj CHj CHa CHa

1 1 1 1

CeH. CHa

1

CHa

1

CeHii

CHa

j

CeHia CeHfi

-9.25° -17 4° -16,8° -36.10°

the hydrocarbons of the above type as given in Table III,

If the validity of the above conclusion is admitted, it is possible

to speculate on the eJBfect on rotation of substitution of a hexyl

group by a phenyl or by a cyclohexyl in the case of the carbinols

of the above type and of the correspondmg hydrocarbons.

From Table III it may be seen that the substitution of CbHi3

by —CfiHii when == 0 or 1 has a similar effect on the rotation

in the case of the carbmols and in that of the hydrocarbons; the

effect of substitution by CbHb ism the opposite sensem the case of

the carbinols as compared with that of the hydrocarbons.

When n — 2 the substitution of CeHis by CeHn has little effect on

the molecular rotation of the substances; substitution by CeHs

produces an identical effect in the case of the carbinol and in that

of the hydrocarbon.

SUMMAEY

1. The similarity of the configurations of the hydrocarbons I and

II
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CH,

I

H—C—CeHii

1

CsH.

Levo

I

GH,

I

H—O—CsHij

1

CjHs

Dextro

II

has been established by direct chemical methods

2 This correlation permitted (a) the correlation of the configu-

rations of hydrocarbons of the general type

OH.

1

H—C—CiHs

I

(CHs).

I

R

(n = 0, 1, or 2; R = CeHis, CeHu, and CeHs), (6) the correlation

of the configurations of acids of the general type

CH,

I

H—C—COOH
1

I

R

(?i and R = as above), and thus to follow the effect on the rotation

of the distance from the asymmetric carbon atom of the phenyl

and cyclohexyl groups on the rotation of these acids

3. An attempt was made to correlate the configurations of

acids of the general type

OH CH.

I
with those of

|

H—C—COOH H—C—COOH
i i

R R

(R = a normal aliphatic radicle).



P. A. Levene and S. A. Harris 203

4. An attempt was made to correlate secondary carbinols and
hydrocarbons of the types given below.

OH
I

H—O—CjH,

I

(CH,).

I

R

OH,

1

H—C—CiHs

1

(CHj)),

1

R

(n = 0, Ij or R = CeHu, CeHn, and CjHs).

Synihms of the OptieoMy Active Metkylethylcydohexylmethane

and Its Correlation to Mdhyhthyhctyhnetharie—^The configurations

of the two hydrocarbons were correlated through their syntheses.

The aliphatic hydrocarbon was prepared by the following set of

reactions.

CH, „ OH,

I

^
I

H-O-GHaMgBr + CoHnC^ > H—C—CHaCHOHCeHi,
I 0 I

C2H5 C2H*

Dextro

CH* CH*

I H, I

H—C—OHsCHIOJSx, —^ H—

0

—CbHit

1 I

C,H, C,H,

Dextro

The was prepared in the following

way. Grignard and Vignon* describe the preparation of l-methyl-

cyclohexanol-1 by adding ethyl acetate to pentamethylenedimag-

nesium bromide. Likewise it should be possible to obtain active

l-sec.-butylcyclohexanol-l by treating the same Grignard reagent

with the active ethyl ester of methylethylacetic acid. When
the reaction was earned out, a carbinol having the correct compo-

sition was obtained, but on dehydration and reduction of the

unsaturated compound an active hydrocarbon was obtained which

did not have the correct physical properties as given by Signaigo

® Grignard, V., and Vignon, G,, Com-pt rend Acad., 144, 1368 (1907).
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and Cramer® and by Levene and Marker.^® On exammation of

the physical properties of the carbinol and of the unsaturated

hydrocarbon it was found that they did not correspond to those of

homologous or isomeric compounds described by Signaigo and
Cramer.®

It was then discovered that the reaction product contained

a highly unsaturated compound. The product absorbed 60 per

cent of the theoretical amount of bromine, calculated on the basis

of the carbinol. On distillation the forerun spontaneously lost

water and proved to be a mixture of active sec.-butylcyclohexene

and active sec.-butylcyclohexanol. From it the active sec,-

butylcylclohexane was prepared as described in the experimental

part.

The high boiling dibromide mentioned above had a composi-

tion of a non-cyclic dibromo secondary carbinol CioH2oOBr2. The

stnicture of the unsaturated carbinol and of its dibromide was not

further investigated. The course of the reaction may be formu-

lated in the following way.

CH, 0
I II

CH—G—OCsHj + BnMgCHjCHjCHiCHjCHsMgBr

I

caa.

levo

f CH, OH
j I

/CH,—CHa^
CH—C^ >CH,

j
N^H,—CH,/

CsH,

(40%)

-H,0
H,

“

CH, OH
I I

CH—C—CH,CH,CH,CH=CH,
I I

C,H, H
(60%)

CH, CH,—CH,
1 / \
CH—CH CH,

I \ /
C,H, CHr-CH,

Dextro

* Signaigo, F K
,
and Cramer, P. L

,
Am» Chem, <Soc., 55, 3326 (1933).

“ Levene, P A., and Marker, R. E ,
J BioL Chem

, 97, 563 (1932),
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EXPEBIMENTAIi

Levo-^l-Sec.-Butylcyclohexanol-l—^Pentamethylene bromide was

prepared as described in “Organic syntheses,’’^^ except that it was

found necessary to shake a pentane solution of the bromide with

cold concentrated sulfuric acid to remove all of the benzonitrile.

The reaction between this dibromide and magnesium in ether

solutions was easily started by adding a few crystals of iodine

90 gm. (0.39 mole) of pentamethylene bromide in ether solution

was added dropwise to an excess of magnesium (20 gm ;
0.83 mole)

which was covered by ether. The total volume at the end of

the reaction was about 500 cc. To this non-homogeneous Grig-

nard reagent was added active ethyl ethylmethylacetate, having

lalS

-6 .18
°

0 870
-7 ir

until the RMgX was completely destroyed. The ethyl ester was

prepared in the usual manner from active ethylmethylacetic acid

-7.81°

0 934
-8.36°

which was resolved as described by Schutz and Marckwald,^-

The carbinol was obtained by first hydrolyzing the reaction

mixture with aqueous ammonium chloride solution and then

extracting with ether which was w^ashed with water and dried

over sodium sulfate. The carbinol boiled constantly at 99® at

14 to 16 mm. pressure. Yield 45 gm (0.288 mole) or 74 per cent

of the theoretical, = +3 96®.

This carbinol was treated m the following manner. 19.5 gm.

(0 125 mole) of the carbinol were dissolved in chloroform and
cooled in an ice bath. 20 gm. of bromme (0 125 mole) were dis-

solved in chloroform and made up roughly to a volume of 50 cc.

This was added to the cooled carbmol solution until the red

bromine color persisted. Exactly 30 cc
,
or 60 per cent, of the

theoretical amount of bromme were used This solution was
shaken, first with sodium bisulfite solution, then w^ater, and
finally sodium bicarbonate solution. It was dried over sodium
sulfate and distilled under reduced pressure through a short

“ Gilman, H
,
Organic syntheses, New York, coll 1, 419 (1932)

Schutz, O., and Marckwald, W., Ber, chem, Ges., 29, 52 (1896).
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column. After the chloroform was removed, the low boiling

material from the bromide was separated by distillation at 5 mm.
pressure, with a bath cooled with solid carbon dioxide for a con-

denser. This distillate was worked up for the cyclohexyl deriva-

tives as described below

The high boiling fraction distilled at 161® at 5 mm. pressure.

The analysis corresponded to the theoretical for CioH2oOBr2 .

4.456 mg. substance: 6.275 mg COs and 2.500 mg. HsO
3.690 » »

: 4.390 AgBr
CioHjoOBrj. Calculated. C 38.0, H 6 35, Br 60.6

Found. “ 38.4, « 6.27, 50.6

Levo^lSec.^Butylcyclohexene^l—^The low boiliag distillate ob-

tained in the previous experiment was wet and was also unsatu-

rated, indicating spontaneous desaturation on distillation. With-

out attempting to isolate the carbinol, the material was distilled

at atmospheric pressure. Water was given off above 140® and the

hydrocarbon came over between 170-178®. The hydrocarbon

was taken up in petroleum ether, dried with calcium sulfate, and

redistilled. The substance was slightly colored and turbid, so it

was redistilled from sodium. Yield 5 gm. B.p. 172-174® uncor-

rected, D 20/20 — 0.829 {in vacuo), nf — 1.4590.

-3 .36
**

0 829
= -4 06“

3.780 mg substance: 12 060 mg. COa and 4.400 mg HaO
CioHis Calculated. C 87.0, H 13.0

Found. » 87.0, 13 0

Dextro-^-Cyclohexylbutane—The sec.-butylcyclohexenewhich had

not been distilled from sodium was dissolved in 20 cc. of absolute

alcohol and reduced with hydrogen and 0.1 gm. of Pt02 as a cata-

lyst Reduction was complete m 3 to 5 minutes. The solution

was then diluted with 10 volumes of water, centrifuged to remove

the catalyst, and extracted vith petroleum ether. This was dried

over calcium chloride and then distilled. After redistillation from

sodium the following constants were obtained B p. 176-178° at

760 mm. D 20/20 = 0.815 {in vacuo), nf = 1.4460.

-f0.48“

0 815
+0.59“

3,870 mg. substance: 12 125 mg. COs and 4 970 mg HsO
CtoHso. Calculated C 85.7, H 14 3

Found. “86.4, “144
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S~Methylur\decanoh5—26 gm. of active amyl bromide, =
+2.40° (homogeneous), were added to 5.5 gm. of magnesium
turnings in 100 cc. of dry ether. After all the bromide was added,

the mixture was refluxed for 10 minutes. Then 21 gm of freshly

distilled heptaldehyde dissolved in 35 cc. of dry ether were added
without cooling. The reaction mixture was poured onto ice,

ammonium chloride solution added, and the ether layer separated.

The extracts were washed with ammonium chloride solution,

water, and dilute carbonate, and then dried over anhydrous potas-

sium carbonate, and distilled. B.p. 70-75° at 0.1 mm. pressure;

also 113° at 12 mm pressure. Yield 14 gm. D 24/4 == 0,8272

{in vacuo), = 1.4367.

The rotation of the substance was

[alS “ “ 4'6.59‘’ (homogeneous)

Maximum [M]d = +17.4® (homogeneous)

3 040 mg. substance * 8 625 mg, CO2 and 3 820 mg H2O
CnHjeO Calculated. C 77 3, H 14.1

186 2 Found. '' 77 4, ''14.1

S-MethylrS-Iodoundecane—11 gm. of 3-methylundecanol-5,

[ck]^ = +3.54° (homogeneous), were placed in a bomb tube and

cooled in a dry ice-acetone bath, and about 30 cc. of anhydrous

hydrogen iodide were distilled into it. The tube was sealed and

let stand at room temperature for 4 days. It was again cooled

and opened. It was then allowed to come to room temperature

overnight and then let stand for an additional 3 days in order to

allow the excess hydrogen iodide to evaporate. The iodide was

extracted with pentane, and the extracts were washed with dilute

carbonate and water, and dried over calcium chloride and distilled.

B.p. 88° at 1 mm. pressure. Yield 15 gm. D 25/4 = 1.1972 (in

vacuo).

WS = = +6 86»; [M]S - +173“ (homogeneous)

Maximum [M]S = +45.7® (homogeneous)

3 620 mg. substance: 6 470 mg CO* and 2 760 mg. HjO
C„H„I. Calculated. C 48.6, H 86
296.1 Found. » 48 7,

“ 8 5

Meihylefhyl-n-Octylmethane—16 gm. of 3 methyl-5-iodounde-

cane, [«]® = +5.85® (homogeneous), were reduced with Raney’s
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catalyst in methyl alcohol and sodium hydroxide solution. This

was shaken in an atmosphere of hydrogen for 48 hours. The
hydrocarbon was extracted with pentane, and the extracts were

washed with water and concentrated calcium chlonde solution

and dried over metallic sodium The product was then distilled

B p. 94® at 16 mm. pressure Yield 7 gm. D 25/4 = 0 7491 (in

vacuo), nf = 1.4216.

WS = {homogeneous)

Maximum [MlS = 4-17 4° (homogeneous)

4.410 mg substance • 13 690 mg. C02 and 6 100 mg. H2O
O&Iculated O 84 6, H 15.4

170.2 Found. “ 84.7, “ 16 5
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The first workers to show that the chemical properties of pro-

teins are altered by treatment with liquid ammonia were

McChesney and MiUer (1), although Taft (2) had previously

made a study of the solubility of certain proteins in liquid am-
monia. Gebauer-Fuelnegg (3) found that the anaphylactic

properties of edestin were altered by treatment with liquid am-
monia. Miller and Roberts (4) found that proteins and certain

related substances are acidic in liquid ammonia and liberate

hydrogen w’hen sodium is added to them in that medium, and

that characteristic curves for each protein can be plotted by

correlating the hydrogen evolved with the amount of sodium

added. Roberts and Miller (6) showed that certain proteins,

such as hemoglobin, containing known prosthetic groups such as

hematin, exhibit exceptional catalytic action for the formation

of hydrogen and sodium amide by the reaction of sodium on liquid

ammonia. Tvreedy (6) observed that parathyroid hormone

activity was retained in a preparation kept in liquid ammonia
in a sealed tube for 50 hours at 0~22®. Recently Tweedy, Bell,

and Vicens-Rios (7) found ^kat the activity of their parathyroid

hormone preparation, m respect to its power of mobilizing cal-

cium into the blood, was not altered by reduction either with

catalytic hydrogen under pressure^ or with sodium amalgam
Since a solution of sodium in liquid ammonia produces a sol-

vated electron 'which is one of the most powerful reducmg agents

knoivn, the present work was undertaken in an attempt to reduce

parathyroid hormone by addmg varying amounts of sodium to it

209
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in liquid ammonia In addition any catalytic action has been

noted, and a study has been made of the hydrogen evolved and

the variations in the activity of the hormone. An attempt has

been made to correlate the activity, reduction, and acidic hydrogen

with postulated active groups in the hormone, and with protein

structure.

EXPEBIMBNTAIi

The liquid ammonia was dried over sodium by the method of

Femelius and Johnson (8).

The parathyroid hormone was prepared by Tweedy’s method

(9), and was standardized by the procedure of Collipand Clark (10)

.

Thirty different dogs, 10 to 26 kilos in weight, were used. A
dose of 3.5 mg. per kilo of body weight produced an average

increase in serum calcium of 5 mg. per 100 cc. within 15 hours.

The hormone preparation had been dned in a vacuum desiccator

over calcium chloride for 3 months, but before treatment with

liquid ammonia it 'was dried in a vacuum desiccator over con-

centrated sulfuric acid to constant weight. We then considered

the preparation to be free from water. Several drying controls

were run with different proteins and it was found that drying in

an electric oven at 85° for as long a time as 48 hours, followed by

drymg in a vacuum over sulfuric acid for 48 hours, did not give a

lower figure for the hydrogen evolved than that obtained by the

method of drying described. Above 116° the protein controls

began to darken.

If the parath3n:oid hormone preparation contains bound water

or 'water of constitution of any kind, it most probably cannot be

removed without mactivation of the hormone. While a small

amount of bound water would give a slightly high figure for the

total acidic hydrogen evolved, it would not alter the shape of the

curves we have obtained, but would elevate each curve slightly

on the ordinate axis.

A description of the apparatus has been given in a previous

article (4).

0.5 gm. samples of the parathyroid hormone preparation and

200 cc. of liquid ammonia were used for each determination. The
sodium added varied from 41.7 to 249 9 mg., and the hydrogen

evolved from 2.19 to 53 0 cc. These quantities are calculated to
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gm. equivalents in Fig. 1. The time of reaction varied from 90

seconds to 3 hours. Additional time was allowed for the hydrogen

to be boiled out of the reaction flask. The reaction flask was
mounted in a loose fitting, padded container so that it could be

shaken vigorously. After the reaction was completed, the reac-

tion flask was disconnected from the gasoifeeter, and attached to a

mercury seal, which permitted the excess liquid ammonia to boil

Fig 1 . For 1 gm. atom of nitrogen Curve I, gm. atoms of hydrogen

evolved; Curve II, per cent of activity of hormone; Curve III, gm atoms

of sodium absorbed; Curve IV, gm atoms of sodium absorbed plus excess

available for absorption The ordinate on the left should be used for Curve

II only, and the ordinate on the right for Curves I, III, and IV. The let-

ters A, B, and C and their primes found on Curves I and II represent seg-

ments of related activity.

off without the introduction of air or moisture into the reaction

flask. This is important, since parathyroid hormone is inac-

tivated when allowed to stand in an alkaline medium exposed to

air. Dry liquid ammonia is not alkaline.

After the liquid ammonia had boiled off, a calculated amount

of standard hydrochloric acid solution, sufficient to bring the

reaction product to pH 6, was added to the Dewar flask. In

adjusting the reaction product to pH 6, a portion of the sodium

would be replaced by hydrogen during the acid hydrolysis The
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parathyroid hormone solution was then injected subcutaneously

into dogs, and the blood serum calcium in duplicate samples

was determined by the Kramer-Tisdall method as modified by
Tweedy and Koch (11).

^ DISCUSSION

In Fig. 1 four curves have been drawn for the purpose of corre-

lating the acidic hydrogen evolved with the change in hormone
activity and the amount of reduction occurring to a given quan-

tity of parathyroid hormone preparation, when varying amounts

of sodium are a^ded to it in liquid ammonia. Each of the first

five points on the potency curve represents the average increase

in serum calcium jobtamed in a different group of dogs, seven to

eight in number, injected with a 3 5 mg. per kilo dose of the

treated hormone preparation. The sixth point represents the

average serum calcium increment obtained in a group of five dogs,

which received a dose of 5 2 mg. per kilo. The quantity of para-

thyroid hormone preparation chosen for convenience m plotting

is one atomic weight of Kjeldahl nitrogen, or 95 24 gm. The
abscissa is expressed in gm. atoms of sodium added, and is to be

used for ail four curves. The ordinate on the left sho'ws the

per cent of hormone activity retained, expressing the potency of

the untreated hormone preparation as 100 per cent. This ordi-

nate is to be used only for Curve II. The ordinate on the right

expresses the gm, atoms of hydrogen evolved, and is to be used

directly only for Curve I. Indirectly, it can be used for Curves

III and IV. Curve III represents the amount of sodium absorbed

or decolorized, and is the total amount of sodium added mmus
the acid hydrogen evolved which is due to salt formation. Curve

III represents the amount of reduction occurring to the para-

th3U‘oid hormone preparation, and is expressed numerically by
the ordinate on the right, since 1 equivalent of sodium is equal

to 1 equivalent of hydrogen. Curve IV does not represent the

amount of reduction directly since the solution remained blue at

this concentration, indicatmg an excess of sodium present; rather

it indicates the amount of sodium arailable for reduction, which

can be read in terms of hydrogen equivalents on the ordinate

at the nght.

It is seen that Curve II originates at 75 per cent activity instead
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of 100 per cent The discrepancies of the method of bioassay

may account for some of the apparent loss in hormone activity

after brief contact with liquid ammonia. However, some of the

loss in activity may be due to the action of liquid ammonia alone

or to ammonolysis, and not to reduction or liberation of hydrogen.

In previous publications (12, 13), Roberts has discussed the

ammonolysis of other organic compounds.

In general Curves I and II resemble each other markedly,

except that they are of an inverse order; as the acidity of Curve I

increases the activity of Curve II decreases Curve I is typical

of curves that are given by certain proteins when they are treated

with varying amounts of sodium in liquid ammonia, and the quan-

tities of sodium added are plotted against the hydrogen evolved.

These protein curves have been discussed by Miller and Roberts

(4). In the reaction described above parathyroid hormone reacts

as a typical protein.

The shapes of Curves I and II indicate that the activity of para-

thyroid hormone is a direct function of a part of the acidic hydrogen

m it. That no such relationship exists between the amount of

reduction and the activity can be shovm by comparing Curves

II and III, When. Curve III is risingmost sharply, indicating very

rapid reduction, the activity changes very little as shown by Curve

II, and when Curve III flattens out shoving practically no reduc-

tion, Curve II is changing most rapidly.

SUMMARY

1. Parathyroid hormone has no prosthetic group either with or

without iron that has a catalytic effect for the action of sodium

on liquid ammonia, such as that shown by hematm in hemoglobin.

2. The activity of parathyroid hormone is not dependent on

disulfide linkages or on any linkages that are strongly reduced

by sodium in liquid ammonia ^

3. Parathyroid hormone reacts as a typical protein with

sodium in liquid ammonia.

4. The activity of parathyroid hormone is lessened by the action

of liquid ammonia alone.

5. It appears that the activity of parathyroid hormone is a

1 Du Vigneaud and coworkers weie able to reduce cystine by sodium m
liquid ammonia (14)
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function of a part of the acidic hydrogen liberated, and varies

inversely with the liberation of this hydrogen, which most probably

comes from imide groups as indicated by its slow evolution.

The authors are glad to record their indebtedness to the Com-
mittee on Scientific Research, American Medical Association

(Grant 328),® for financial aid in the purchase of supplies, and tech-

nical assistance m the preparation of the hormone. They also

wish to thank Swift and Company for their cooperation in supply-

ing properly prepared glands.
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CHEMICAL STUDIES ON THE PITUITARY GONADO-
TROPIC HORMONE

By L C. maxwell and FRITZ BISCHOFP

{From the Chemical Laboratory, Santa Barbara Cottage Hospital,

Santa Barbara)

(Received for publication, August 23, 1935)

Fevold et al, (1) and WaUen-Lawrence (2) have reported the

separation of a folhcle-stimnlating principle and a luteinizing

principle from hypophyseal gonadotropic preparations. The
latter author includes evidence for a chemical separation involving

destruction of the luteinizing principle by formalin. Maxwell (3)

on the other hand was able to obtain a pure folhcular ovarian

response simply by sufficiently distributing the dosage of unfrac-

tionated h3^ophyseal preparations.

In the present paper the formahn-treated hypophyseal prepara-

tions of WaUen-Lawrence were studied under vanous conditions of

dosage. The action of various other chemicaUy reactive com-

pounds upon gonadotropic preparations was also investigated.

It was hoped by this attack that evidence for or against the dual

hormone theory and information relating to the structural groups

concerned with the physiological activity might be obtained.

EXPERIMENTAL

Mdhods—Smce the chemical procedures in most instances are

identical with those used by various workers in similar investiga-

tions on insuhn or parathyroid preparations, the detailed procedure

whenever possible has been omitted and reference made to the

method employed.

Freshly prepared aqueous extracts (8 mg. per cc.) of a desiccated

sheep hypophyseal preparation which corresponded to the Powder

A of WaUen-Lawrence (2) with the pH 8.5 and the 40 per cent

ethanol-insoluble proteins removed, were employed as the starting

material. Unless otherwise stated all experiments were carried

out at room temperature and in the presence of an excess of the

215
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reagent. Control preparations were subjected to identical experi-

mental conditions with each experiment. At the conclusion of the

reaction the preparations were adjusted to pH 6.0, the protein

fraction containing the active principle precipitated with 85 per

cent ethanol, and taken up in aqueous solution or suspension for

immediate assay. All experiments were made in duplicate or

further repeated until consistent results were obtained.

ABsay—^21 to 23 day old female albino rats were dosed subcu-

taneously once daily for 4 days and sacrificed on the 6th day.

With groups of eight animals, daily dosage equivalent to 1 mg.,

2 mg., and 4 mg. of the powder used as the starting material gave

ovaries weighing 24 dr 3 mg., 45 =h 10 mg
,
and 67 d= 15 mg

respectively. Due to the large individual variation in ovarian

weight, it is obvious that only a semiquantitative evaluation of

potency can be obtained without the use of large groups. Com-
plete inactivation of the chemically treated preparations was

considered to be accomplished when a total dose equivalent to 32

mg. of the original preparation failed to produce evidence of mor-

phological changes in the ovaries or uterus on all of a group of

three animals As a roughly comparative evaluation of potency

after chemical treatment, groups of three animals were dosed at

each of the three dosage levels given above for the standard

preparation.

Formaldehyde—The hypophyseal preparation was treated with

varying concentrations of formaldehyde for periods up to 4 hours,

the pH being maintamed between 7 and 8. At the conclusion of

the experiment excess formaldehyde was removed under a vacuum
and the remainder destroyed by an excess of ammonia. The
reaction was then adjusted to pH 6 Q and the gonadotropic fraction

thrown out with 85 per cent ethanol. Typical experiments are

presented in Table I. Although a marked loss in potency is

observed, it will be noted that following prolonged treatment with

formaldehyde a foUicular ovarian response is obtained in the

majority of instances w^hen the increase in ovanan weight does

not exceed 100 per cent.

Distribution of the dosage of formalin-treated preparations wns

investigated to determine w'hether the action of formalin could be

attnbuted simply to a partial destruction of potency accompanied

by a denaturation sufficient to retard absorption of the active
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principle in the tissues. The experimental data (Table I) indicate

that the small amount of active principle remaining in the formalin-

treated preparation was so slowly absorbed in the tissues that the

distribution of the dosage used was insufficient to alter the re-

sponse significantly.

In order to determine whether a selective destruction of a lutein-

izing principle occurs, the action of formaldehyde upon a urine of

pregnancy preparation was mvestigated 250 rat units of antu-

itrin S (Parke, Davis and Company) in 12 cc. of 6 per cent formal-

Tablb I

Effect of Formalin upon Ovarian Response to Gonadotropic Preparations

Preparation

No

of
ammals

Times

dosed

daily

Total dosage
Average

ovarian

weight*

s

ll
li
>

Hypophyseal, untreated 8 1 4 mg. 24=fc 3 7 1

6 3 4 52=1:10 6 5

8 1 8 “ 46=bl0 8 5

8 1 16 67±15 8 8
“ 4% formalin 15 min. 3 1

I

16 » 86 3 3
“ 10% “ 4 hrs 6 1 16 “

20=1= 3 2 6

6 3 16 28=1= 4 2 6

« 6% '' 4 " 3 1 8 22 0 3

3 3 8 “ 24 0 3

Urine of pregnancy, untreated 5 1 10 rat units 35=b 7 5 5
“ “ ** 6% formalin, 4

hrs.

5 1 10 2Q± 4 5 5

* The mean plus the standard deviation (not the standard deviation of

the mean) is given The weight is measured m mg

dehyde were allowed to stand at room temperature at pH 7 to 8 for

4 hours. Although some loss in potency occurred, no variation

in the qualitative ovarian response from that of controls dosed

with the untreated preparation could be demonstrated by micro-

scopic examination of the sectioned ovaries. Assuming the same

groups to be responsible for the luteinizmg properties of both

pituitary and pregnancy urine preparations, the results (Table I)

fail to indicate a selective destruction of a luteinizing principle by
formahn.

Nitrous Acid—^Exposure of the hypophyseal preparation to an
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excess of NaNOa in 30 per cent acetic acid at 37® for 3 hours re-

sulted in complete inactivation. A control preparation exposed

to the same acidity also showed a very considerable loss in potency.

When the experiment was repeated at 10®, no apparent loss in

potency was observed in the control, while the physiological

response both quantitatively and qualitatively of the treated

preparation was practically identical to that reported for the

preparations exposed to 10 per cent formaldehyde. At high dosage

levels luteinized ovaries were obtained. On two series of three

animals single daily dosage equivalent to 2 mg. of a preparation

exposed to HNOs at pH 4.0 for 1,5 hours at 37® produced a follicu-

lar ovarian response accompanied by uterine hyperemia and

vaginal canalization, vrithout causing a significant increase in the

ovarian weight.

Svbstitution and Additim Reoudiom—^Hypophyseal gonadotropic

preparations were exposed to a variety of reagents known to react

with amino, imino, or hydroxyl groups.

Rapid and complete inactivation occurred in alkaline solution

(pH 8.0) in the presence of a moderate excess of the foUo'wing

reacting substances: /S-napthaquinonesuIfonic acid, 15 minutes

in the dark at room temperature; phenyl isocyanate, exposure

fori hour at 0® (4); diazobenzenesulfonie acid (30 minutes, 0®)

(6); diazonitrobenzene (30mmutes, 0®) (5); benzoyl chloride (30

minutes, room temperature) (5); carbon disulfide (1 hour in 60 per

cent alcohol).

A SO per cent to a 75 per cent destruction of the gonadotropic

principle occurred without alteration of the qualitative nature of

the response 'when hypophyseal preparations were exposed to the

following reactmg substances: benzoyl chloride (30 minutes, room
temperature, pH 5.0); dimethyl sulfate (30 minutes, room tem-

perature, pH 8.0); acetic anhydride (1 hour, room temperature)

Attempts to demonstrate reactivation of the acetylated and

the methylated preparations by hydrolysis with k/30 NaOH at

10® were unsuccessful.

Oxidizing and Reducing AgenU—^Since inactivation with some of

the foregoing reagents may have been due to oxidation or reduc-

tion, the effects of various oxidizing and reducmg agents were

investigated. The potency was found to be almost completely

destroyed by 3 per cent H2O2 in the presence of NaHCOg. The
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addition of a 10 per cent excess of iodine (0.01 n solution) over the

amount found to combine in 1 hour with the proteins present was

sufScient to destroy approximately 50 per cent of the actnity.

One of the iodine-treated preparations at minimal dosage levels

gave follicular ovaries and an estrogenic response similar to the

preparations treated with formalm. The addition of one-half the

amount of iodine necessary to combine "with the proteins was,

however, 'wnthout apparent effect upon either the quantitative or

the qualitative nature of the response. PeCh, when incompletely

removed previous to dosage, gave ad augmented ovarian re-

sponse (3).

No detectable loss of activity occurred upon exposure to nascent

hydrogen, sulfur dioxide, hydrogen sulfide, ferrous sulfate, or

hydrogen cyanide. Interest is attached to the qualitative nature

of the assay of a preparation exposed to hydrogen sulfide, and also

to one preparation treated with ammomum polysulfide. Both of

these preparations gave strong estrogenic reactions at minimal

dosage levels and an occasional foUicular ovarian response.

Ac%d and Alkali—^From 30 to 50 per cent of the potency of the

hypophyseal preparation was lost by standing 3 hours at ZV m
0.1 N HCl. Complete inactivation resulted when the dry powder

was dissolved in concentratedH2SO4 at 0® according to the method

employed by Bischoff and Sahyun (6) with insulin. Exposure for

20 hours at room temperature to 0 73 n HCl in 75 per cent ethanol

also resulted in complete inactivation. Attempts to demonstrate

reactivation of this preparation by hydrolysis with 0.08 K NaOH
m the cold were unsuccessful.

Complete mactivation resulted with 0.1 n NaOH in 3 hours at

37®, while n/30 NaOH under these conditions destroyed from 30 to

50 per cent of the potency Preparations exposed to n/30 NaOH
at 10® showed no appreciable loss in potency. No change in the

quahtative nature of the ovarian response was observed following

exposure to either acid or alkali.

Fate of Luteinizing Fraction—^Fevold et al (1) state that the

luteinizmg fraction when administered alone, even m excessive

dosage, produces no marked increase in the ovarian weight. How-
ever, when dosage with the luteinizing fraction and the follicle-

stimulating fraction are combined, an augmentation in ovanan

weight is observed The possibility that in our chemically in-
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activated preparations a selective destruction of the follicle-stimu-

lating principle had taken place was tested out experimentally.

The results were negative. Combined dosage of the inactivated

preparations with dosage of vanous preparations giving a follicular

response failed to demonstrate an augmented ovarian response.

In these experiments, which are not tabulated, low dosage with

hypophyseal extracts containmg FeCh or tannic acid (3), or ex-

tracts treated with formalin, was used to promote follicle

stimulation,

DISCUSSION

If the activity of the more highly purified prolan preparations

may be used as a basis of comparison, the purest gonadotropic

pituitary preparations would appear to be relatively crude. In

view of this question and the lack of precise methods of assay, the

value of a chemical investigation of the nature described in this

paper may be questioned. Results of similar early studies on

non-crystalline insulin (5, 6) have to date not been greatly ampli-

fied by work on the crystalline material (7, 8) and were hence an

incentive to this study The present chemical studies appear

informative and of value inasmuch as they establish a stability

range to various chemical environments, which will tend to define

the conditions for further w’ork on the isolation of the gonado-

tropic principle or principles.

Much useless discussion has arisen m the insulin work as to the

exact nature of the groups attacked by the various reagents.

None of the reagents studied is exactly specific for any single

chemical group. The present studies which are analogous indicate

the amino, imino, or hydroxyl groups or their sulfur analogues may
be concerned with the physiological activity of hypophyseal

gonadotropic preparations.

The most significant finding appears to be that denaturation of

the protein aggregate may produce the same physiologic effect as

slowed tissue resorption of the original product The evidence is

therefore against the dual hormone theory.

SUMMARY

Reagents known to react with the amino, imino, or hydroxyl

groups cause a partial to a complete inactivation of hypophyseal

gonadotropic preparations.



L. C* Maxwell and F* Bischoflf 221

The activity is completely destroyed by strong oxidizing agents

but is unaffected by mild oxidizing agents or by reducing agents.

Complete inactivation occurs in 0,1 n NaOH, and partial in-

activation in n/30 NaOH in 3 hours at 37°. 0.1 n HCl m 3 hours

at 37° causes partial inactivation.

.

Evidence has not been obtained to support the dual hormone

theory of gonadotropic preparations The formalin-treated gon-

adotropic pituitary preparations show no augmentation effect when
given in divided doses. The nature of the ovarian response to the

urine of pregnancy preparation is not changed when formalin-

treated preparations are used.
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A POTENTIOMETRIC STUDY OF HEPATOFLAVIN

By F. J. STARE*

{From the Laboratory of Biological Chemistry, Washington University School

of Medicine, St Louis)

(Received for publication, August 15, 1935)

It has been shown that the flavms (alloxazine pigments) exhibit

the properties characteristic of reversible oxidation-reduction

systems. With lactoflavin, Kuhn and Wagner-Jauregg (1) dis-

covered that, when the reduction is conducted m a strongly acid

solution, an intermediate reddish color appears, which they inter-

preted as indicating the formation of a semiquinone. Barron

and Hastings (2) in a preliminary report record the oxidation-

reduction potentials of lactoflavin at different pH values. They
observed that the slopes of the titration curves on the acid side

lie between the slopes characteristic of 1 and 2 electron

transfer systems, confirming the idea that the flavins belong

among the two-step oxidation systems described by Michaelis

(3)

, With a chloroform-soluble pigment of mammalian tissues

which was probably identical with photoflavin, Bierich and Lang

(4) obtained tiration curves which gave no evidence of stepwise

oxidation. Stern (5) has conducted a potentiometric study of the

flavin derivatives, photoflavin and photo-yeast flavin. With
these compounds he found that the slopes of the titration curves

in the acid range increased with decrease m pH and that at very

low pH values a break in the curve appears, indicatmg its separa-

tion into two 1-valent changes He noted the appearance of a

red color during the titration in this pH zone, which is good evi-

dence for the existence of an intermediate of the semiquinone

type. At neutral and alkaline zones the titration curves given

by Stern resemble those of reversible organic systems having an

electron transfer of 2,

The data here briefly recorded represent a study of the electro-

* National Research Council Fellow.
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chemical behavior of flavin prepared from horse liver, hepato-

flavin. Although the number of the experiments is not large,

they appear to outlme this system sufficiently to permit a first

comparison with the similar data of Stern for the photoflavins

and TVith the prehminary data of Barron and Hastings for flavin

from milk. The evidence now available points to a close simi-

larity in the behavior of these three substances. A more detailed

analysis of each will be necessary to disclose significant differences,

if they exist.

The flavin used was prepared according to a procedure pub-

lished elsewhere (6). Crystalline flavin was not used in these

titrations, though it had been obtained from the solutions used

for titration. The flavin solutions contained 1,17 mg. of nitrogen

per cc. and a negligible amount of phosphorus. Examination of

the solution with the spectrophotometer showed the absence of

any substance absorbing light of wave-length greater than about

620 jLt. From this wave-length absorption continued to the limit

of the visible spectrum (470 fi) This is typical of the visible

part of the flavin absorption spectrum as reported by other

workers. Such other substances as may have been present in

the flavin solution were electromotively inactive and did not

mterfere with the titrations.

The oxidation-reduction potentials were measured by means of

a Leeds and Northrup type K potentiometer. 5 cc. of the flavin

solution were introduced mto the titration vessel containing 50

cc. of the buffer solution. Two bright platinum electrodes were

used. The titration vessel was placed m a constant temperature

bath and connected by means of a 5 per cent agar, saturated

KCl bridge to a saturated calomel half-cell. The solution was
deoxygenated by bubbling through it nitrogen previously passed

over hot copper gauze. The reducing solution for titrations was
prepared as follows: 5 cc. of distilled water w’ere added to 60 cc.

of buffer solution and this solution was similarly deoxygenated.

The reductant w^as then mtroduced, and deoxygenation continued.

The solution was next transferred by nitrogen pressure to a nucro-

burette previously swept out wuth mtrogen. As reductants

titanous sulfate (about 0.1 cc. of solution to 55 cc.) and sodium
hydrosulfite (about 10.0 mg m 55 cc. of solution) were used.

All titrations w'ere carried out at 30°. At the end of each titra-
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tion the pH of the reduced solution was determined with the

hydrogen electrode. Owing to the fact that the flavin solution

used in some of the titrations contamed acetic acid, the pH values

of the buffers were in some cases considerably modified by the

addition of the flavin solution which contained acetic acid. In

other cases the flavin solution wras substantially neutral. In all

cases the pH values determmed after the titration was completed

were assumed to be the level at which the oxidation-reduction

had been carried out. The flavm solutions were of so low con-

centration (about 10”® m) in relation to buffer capacity that it

was not considered necessary to make correction for the very

small amount of acid formed by reduction. The observed poten-

tials 'were converted to the normal hydrogen electrode standard,

the basis of calculation bemg that the hydrogen electrode m 0.05

M potassium acid phthalate at is —0 2386 volt (Clark).

The buffers used were as follows: Buffer 1, approximately

N HCl, Buffer 2, approximately 0 1 n HCl; Buffer 3, 0.1 n
CHaCOONa + 0.1 n CH3COOH, Buffer 4, 500 cc of 0.2 u
KH2PO4 + 300 cc. of 0.2 M KOH + 200 cc. of 0.2 m KCl per

liter; Buffer 5, 80 cc of u NaCl + 3 cc of 2 n NaOH + 60 cc

of M KHCO3 per liter, Buffer 6, 6 cc of 1 99 n NaOH -f 60 cc.

of M KHCOs per liter, Buffer 7, 30 cc of 1.99 n NaOH 50 cc.

of M KH2PO4 per liter, Buffer 8, 45 cc. of 1.99 n NaOH + 50 cc.

of M KH2PO4 per liter. Buffer 9, u NaOH.
Table I gives the ^'0 value at the various pH values, the th

values, and the ‘‘index” potentials together 'wutli the E2 — Ei

values according to Michaelis’ analysis (3).

The E'o values are plotted agauist pH m Fig. 1. The lines are

drawn with the theoretical slopes of 0.06 and of 0.03, and are

so located as best to represent the several pomts The E^o values

from 0.32 to 6 28 pH and from 10 7 to 13.38 pH give a good

agreement to 0 06 slopes The jB'o values at pH 8 96 and 9.3

he on the 0 03 slope. The graphical analysis indicates a dissocia-

tion m the reductant at pH near 6 8 and m the oxidant at pH
near 9.6. From similar analysis Stern’s data for photohepato-

flavin reveal a dissociation in the reduced form “near pH 7.7”

and in the oxidized form “near pH 0 4 and 10
”

At pH 4 13 and at values more acid than this a red intermediate

between the greenish yellow oxidant and the colorless reductant



226 Hepatoflavin

Tabm I

Summary of Titration Data

Titra-
tioa No Buffer Reductant pH rh E'o

E
index Et El

1 HCl Ti,(S04).

volt

+0 165

volt

0 033

2 it it
1 42 -0 085 -f0 106 0 028 Bli

3 Acetate ti 4.13 -0 248 -0 060 0 026 EsH
4 Phosphate Na2S204 6 28 -0 377 -0 179 0 019

5 Carbonate n 8 95 -0 538 -0 275 0 026 +0 024

6 t( it -0 559 -0 283 0 025

7 Phosphate 1

it ~0 642 -0 352 0 023 ES W
8 it * tt -0 655 -0 372 0 024

9 NaOH it 13 38 -0 804 -0 533 0 020 DBi
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was observed. The intensity of the intermediate red color in-

creased with decrease in pH. This observation leads to the con-

Fig 2. Titration curve of hepatoflavm at pH 0 32

elusion that two 1-valent oxidation-reduction steps probably

occur in the acid regions. Since our titrations were not conducted

THE JOVBNAL OF BIOLOGICAL CBEMtSTRl , \OL 112, NO 1
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at pH values less than 0.32, the dissociation in the oxidant re-

sponsible for this effect cannot be precisely located from the data

A composite graph giving all the titration curves was prepared,

though it is not presented with this paper. A study of the

'‘index’’ potentials obtained from the graph reveals that the sys-

tem is composed of two 1-valent steps which m the strongly

acid region begin to separate. At pH 0 32 the separation into

two 1-valent steps is clearly evident and is accompanied by
the distinct intermediate red color formation.

Fig. 2 gives the experimental and theoretical curves for the

titration at pH 0.32. From the graph it is seen that each of the

separate steps is symmetrical to the mid-point and that the theo-

retical curve for each step shows good agreement with the ex-

perimentally determined curve. At all higher pH values meas-

ured the curves overlap to such an extent that separation into two

distinct 1-valent steps is obscured

A comparison of the value of these data with those of Barron

and Hastings for lactoflavin and of Stern for photoflavm shows

that all of the potentials fall in the same general region. Barron

and Hastmgs give as the value +0 187 volt. The value

represented by the three titrations at pH 4.13 and below is +0.188

volt.

The data now available do not permit further analysis of the

hepatoflavin system, but reference should be made to another

point We include m Table I the "index” potentials (Michaelis)

obtamed graphically from the titration curves, and the cor-

responding values of — Ei, 'which represent the calculated

degree of separation of the two E\ curves for the two 1 electron

steps The sign and quantity of the E^, — values appear to

suggest two regions within which the semiqmnone may exist,

one extendmg from about pH 4 4 to the acid side, and another

from about pH 8.6 to high alkalmity, where another negative

zone appears Whether these suggestions are correct, further

work must decide. If verified, the results would indicate several

additional dissociations which are not disclosed by color change.

SUMMARY

The oxidation-reduction potentials of hepatoflavin have been

measured at pH values from 0 32 to 13.38 by titration with reduc-
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mg agents. Definite branching of the titration curves in the more
acid regions into two 1-valent curves is indicated. Graphic

analysis mdicates ionization constants at pH values about 6.8

in the reductant and about 9.6 m the oxidant. An Ea value of

+0 188 volt was obtained, which is rather close to the value

reported for lactofiavin.

The author is indebted to Dr. P. A Shaffer, Dr. P W. Preisler,

and Dr E S Hill for their many helpful suggestions.
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The finding of Waddell (1) that the provitamins of cholesterol

and ergosterol were not identical gave a new interpretation to the

fundamental concept of vitamin D and offered a possible explana-

tion of the many anomalous results concerning the efficacy of

different vitamin D supplements. We were especially impressed

with the report because it gave us a basis upon which to interpret

our preliminary results on the comparative efficacy of vitamin D
in metabolized (yeast) milk and irradiated milk for chicks The
observations of Waddell (1) were in such direct conflict with the

fundamental concept on which much of the modern theory of

vitamin D activity was based that it appeared sufficiently im-

portant to check his findings concerning the comparative effi-

ciency of irradiated cholesterol, irradiated ergosterol, and cod hver

oil, and to compare further the antirachitic efficacy of other irra-

diated products

EXPERIMENTAL

The basis of procedure throughout the several experiments was

the correlated assays of the various antirachitic products on both

rats and chicks. The rat assays were carried out according to

the 10 day line test method applied to the split ends of the radius

and ulna of animals fed the Steenboek and Black rachitic ration.

The results were expressed in mternational rat units.

The chick assays were of the prophylactic type carried out with

smgle comb white Leghorn chicks hatched from eggs laid by birds

* Published with the permission of the Director of the Ohio Agricultural

Experiment Station
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that received the same ration. The chicks were started on ex-

periment when 1 day old and brooded in pens eqmpped with wire

floors In the experiments of Series I and II twenty chicks were

started m each group and in Series III fifteen individuals were

placed in each lot. Ash determinations were made on the indi-

vidual alcohol- and ether-extracted moisture-free tibiae of ten to

twelve representative birds from each group. Calcium deter-

mmations were made on the serum of the pooled blood accordmg

to the Clark-Collip method (2), and phosphorus determinations

likewise, by the Bell-Doisy method (3)

The same basal ration as that described by Hart, Klme, and

Keenan (4) was used in all the trials. It consisted of ground yel-

low corn 58, vrheat middlings 25, domestic casern 12, calcium car-

bonate 1, calcium phosphate (tribasic) 1, dried yeast 1, iodized

salt 1, and corn oil (Mazola) 1. In making additions to the basal

ration in the first t^wo experiments, we followed the practice of

dissolving or suspending the preparations in com oil so that 1 per

cent of the oil introduced the desired amount of the vitamin D
supplement The same procedure was followed in the case of the

reference cod liver oil and irradiated cottonseed oil in Series III.

The other irradiated products used in the latter trial were in-

corporated by replacmg an equivalent quantity of the basal ration.

The cod hver oil employed in Series I and II was a vitamin D
concentrated oil and in Senes III the u s.p. reference oil. The
irradiated ergosterol was obtamed through the courtesy of Stand-

ard Brands, Inc., and the calciferol from The British Drug Houses,

Ltd. The cholesterol was a pure product obtained from the East-

man Kodak Company and was irradiated for 1 hour m the dry

state by spreadmg it out in a thin layer 15 inches below a 110

volt, Cooper Hewitt quartz mercury vapor lamp. The other ir-

radiated products were similarly prepared. The butter fat and

lard were irradiated m the molten state.

In Series I the irradiated cholesterol was fed at levels of 13.5,

27.0, and 54.0 rat units per 100 gm, of ration There were also

included two groups of chicks that received 13.5 and 27.0 rat

umts of vitamin D from cod hver oil and two groups that received

135 and 405 units as irradiated ergosterol in 100 gm of ration.

For comparative and control purposes, another group w^as fed an

irradiated cholesterol concentrate supplied by Dr Waddell. This
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was added to the basal ration so as to furnish 27 rat units per 100

gm. of ration, which amount, according to Dr. Waddell, has proved

to be near the minimum protective level in his laboratory.

The results presented m Table I show^ that equivalent rat units

of vitamm D in irradiated cholesterol and cod liver oil were equally

effective for the chick; w’hereas the vitamm D from irradiated

ergosterol w^as decidedly less efficacious The data also show that

the vitamm D of the irradiated cholesterol concentrate and the

irradiated cholesterol prepared m our laboratory w'ere of compa-

Tablb I

Antirachtiic Efficiency of Vitamin D from Cod Liver Oil, Irradiated Choles-

terol, and Irradiated Ergosterol for the Chick

Lot Vitamin D supplement

Hat
units*
per 100
gm

ration

Average
weight
at 5 wks

Blood
A%eraTOa8hin

tibiffiNo
Ca P

gm
ms PCT*

100 cc
serum

mj per
200 cc
serum

per cent

1 None 0 0 157 7 7 56 6 82 31 88 ± 0 49

2 Cod liver oil 13 5 314 8 10 80 7 50 41 84 ± 0 66

3 ft ft ft 27 0 318.1 11 39 8 47 46 89 =fc 0 25

4 Irradiated cholesterol 13 5 293 0 10 54 8 64 41 95 ± 0 58

5 it ft 27 0 287 0 12 56 8 48 45 24 d= 0 39

6 tt ‘ tt 54 0 334 0 12 03 10 30 46 41 =b 0 33

7 “ ergosterol 135 0 189 6 8 09 5 82 31 69 ± 0 32

8 tt 405 0 227 8 8 04 7 37 36 74 db 0 78

9 ** cholesterol

concentrate

27 0 352 8 11 71 8 64 46 45 ± 0 19

* International,

rable efficacy. The blood serum analyses are m accord with the

bone ash values and the usual findmgs of a significantly decreased

calcium and lowered phosphorus content in the case of rickets in

chicks. We have no explanation for the high phosphorus value in

the case of Lot 6 Eepeated deterimnations on the same sample

of serum gave similar values

It should be pomted out that the bone ash A^alues for Lot 3 (cod

liver oil) are, statistically, significantly greater than the average

values for Lot 5, which received the equivalent rat unitage of

vitamin D from irradiated cholesterol. The average growth of
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the latter group (Lot 5) was also less than that of other comparable

lots. Although we did not consider the above differences biologi-

cally significant because other groups (Lots 2 and 4) that received

the same number of units of vitamin D, either in cod liver oil or

irradiated cholesterol, did not show a similar difference, it was
planned in part to repeat the experiment.

The plan of Series II was similar to that of Series I, except that

the irradiated cholesterol and cod liver oil were fed at levels of

9.5 and 27.0 rat units per 100 gm. of ration and there were in-

cluded two groups that received 135 and 405 units of vitamin D
per 100 gm. of ration from calciferol and two more groups that

received the same unitage from irradiated ergosterol. It was

thought that some of the inactive resinous material in irradiated

ergosterol might interfere with its antirachitic effectiveness and

that calciferol representmg a highly purified product free from

these inactive materials might prove more eflBicacious.

The results of the experiment, which was of 5 weeks duration,

are shown in Table II. It is very evident that the vitamin D of

irradiated ergosterol and that of calciferol are of the same biological

form which is antirachitically less efficient for chicks than the rat

unit equivalent from cod liver oil or irradiated cholesterol. The
data of both experiments confirm the observations of Waddell (1)

that irradiated cholesterol had the same antirachitic efficiency as

cod liver oil for chicks.

The fact that an irradiated sterol of animal origin and one of

plant origin (ergosterol) were, antirachitically, not equally effi-

cient for chicks, suggested a possible difference between plant and

animal sources of the provitamin. This assumption had support

m the review of Schonheimer (5) w^ho pointed out that plant

sterols in general are poorly, if at all, absorbed from the digestive

tract That ergosterol behaves similarly has been shown by
Beumer and Hepner (6), who Tvere unable to demonstrate any

appreciable absorption of ergosterol by mice, and by the extensive

experiments of Schonheimer and his associates (7) on dogs, rab-

bits, rats, and mice. On the contrary, Menschick and Page (8)

and Schonheimer and Dam (9) reported that laying hens absorbed

small amounts of ergosterol

Steenbock and his associates (10) and Hess and Weinstock (11)

as w’eU as other investigators have shown that various plant and
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animal products take on vitamin D activity, as determined with

rats, when exposed to ultra-violet irradiation. Work with chicks

has shown that certain irradiated plant and animal products are

not effective in preventmg rickets in this species. Payne and
Hughes (12) observed that 2 per cent of irradiated cottonseed oil

in the ration or the irradiation of the mash, which consisted of

ground corn, wheat, oats, and meat scraps, was not satisfactory as

a source of vitamin D for poultry. Likewise, Mussehl, Hill, and
Rosenbaum (13) reported that ultra-violet irradiation of yellow or

Table II

Comparative Antirachitic Efficiency of Vitamin D from Cod Liver Oil,

Irradiated Cholesterol^ Irradiated Ergosterol, and Calciferol

for the Chick

Lot Vitamin D supplement

\

Hat
units*
per

100 gm
ration

Aver-
age

weight
at

5 wks

Blood
Average ash in

tibieeNo
Ga P

t mg mg
gm per

1 100 CO

per
100 cc

per cent

1

serum scrum

1 None 0 0 148 6 745
I

5 44 31 91 i 0 51

2 Cod liver oil concentrate 9 5 259 3 9 16^ 6 36 38 77 :fc 0 74

3 It tt tc ft 27 Q 269 2 11 93 8 69 46 06 =b 0 27

4 Irradiated cholesterol 9 5 242 6 8 63 6 25 39 53 0 73

5 a “
27,0 274 3 11 29 8 34 45 47 ± 0 30

6 ** ergosterol 135 0 184 7 8 58 5 99
I

32 90 0 55

7 ft ft 405 0 236 3 9 79 7 81 40 68 db 0 69

8 Calciferol 135 0 170 9
'

7 88 6 70 32 06 d= 0 66

9 ft 405 0 263 1 10 22 7 98 40 39 0 84

* International

white corn before grindmg did not enhance its antirachitic values

to any appreciable degree for chicks. The same investigators

found that 3 per cent of irradiated com oil or 20 per cent of irra-

diated dried hver in an otherwise complete ration did not protect

chicks against rickets. Smce no quantitative vitamin D assays

were made on the irradiated products fed m the above chick ex-

periments, it is impossible to postulate on the comparative antira-

chitic efficiency of the materials in question. However, in the

light of present knowledge of vitamin D, the investigations sug-

gest that the vitamin D m irradiated plant products might not
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be as effective for chicks as animal sources of the vitamin. The
unsuccessful attempt of Mussehl and his associates (13) to protect

chicks agamst rickets with 20 per cent of irradiated liver meal

appeared contrary to this assumption until we observed in our

Tabi/b III

AntirachiHc Efficiency of Vitamin D in Irradiated Animal and Plant

Products

Lot
No

Rat
units*

Aver- Blood

Vitazmn D supplement
per

age
wttght

A\era^aah
100

at 28
in tibiee

gm
ration

da}^ Ca P

mg mg
gm per

100 ec

per
100 cc

per cent

serum serum

1 None 0 0 133 2 8 8 5 8 30 4 d= 0 32

2 Cod liver oil 6 7 175 2 9 4 35 6 0 32

3 (( it t( 13 5 227 1 11 3 8 1 44 2 =b 0 58

4 Irradiated dried hog brains 4 0 154 6 8 603 32 8 ± 0 44

0
ti tt tt it 8 0mm 10 2 67 36 7 d= 0 47

6
ft It ti 16 0 262 7 11 7 7 8 44 8 0 58

7 ** butter fat 5 5 183 7 9 6 5 4 35 3 d: 0 46

8 tt It <<
11 0 11 8 7 6 46 7 rfc 0 29

9 “ lard 8 0 184 8 10 4 5 9 39 7 d= 0 58

10 it tt 16 0 225 2 11 5 7 0 44 9 0 36

11 “ cottonseed oil 13 5i 148 1 7 5 5 1

12 tt it 67 5 146 7 8 8 5 0 32 2 ± 0 57

13 13 5 127 2 7 7 5 2 30 3 db 0 35

14 tt tt tt 67 5 151 0 9 0 5 9 33 0±0 66

15 alfalfa leaf meal 13 6 139 5 7 9 4 5 29 3 d= 0 48

16
(( tt tt tt 67 5 156 5 8 5 5 4 32 1 ± 0 69

17 dried myceliumt 67.5 155 2 S 6 5 8 33 5 =b 0 56

18
tt tt tt 221 5 11 7 43 2 =b 0 94

19 “ yeast 67 5 155 0 9 4 33 1 ± 0 96

20
tt it 234 0 11 5 6 8 44 4 zb 0 38

International

t Aspergillus niger.

laboratory that dried hog liver carefullj’' irradiated for 1 hour con-

tamed less than 2 mternational rat units in 5 gm of liver It also

occurred to us that there might be a taxonomic relationship be-

tween the sterols of plants and their vitamin D effectiveness,

since Gerard (14) had noted from his studies of the sterols in a
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number of higher and lower plants that, in general, phytosterol is

characteristic of the higher plants, or phanerogams, and ergosterol

of the lower plants, or cryptogams, just as cholesterol is the typical

sterol of animals.

To test out these hypotheses, different products of animal and
plant origm were irradiated, carefully assayed for vitamin D on

rats, and then fed to chicks in a rachitic ration. Dried hog brains,

butter fat, and lard were the animal products chosen and cotton-

seed oil, alfalfa leaf meal, wheat middlmgs were selected as products

representative of the higher plants, and dried yeast and dried

fungus mycelium as those representing the lower form of plants

Two groups of chicks that received 6 7 and 13 5 rat units of vita-

nun D from reference cod liver oil per 100 gm of ration were

included for comparative purposes.

The results presented in Table III clearly show that the vitamin

D of cod liver oil and the irradiated animal products (hog brains,

butter fat, and lard) are antirachitically equally efficient and

that the vitamin D in these products is definitely more efficacious

for chicks than the rat unit equivalent form in the iriadiated plant

products No difference was noted in the antirachitic effect of

vitamin D in the products derived from the higher plants, as repre-

sented by irradiated cottonseed oil, irradiated wheat middlmgs,

and irradiated alfalfa leaf meal, and the lower plant products,

irradiated yeast and irradiated mycelium The calcium and

phosphorus contents of the blood serum were decreasedm the case

of inadequate intakes of vitamin D as determined by lowered bone

ash values. The blood analyses, m general, were in agreement

“With the ash percentages observed in the tibiae

The results offer defimte evidence that the provitamin D of ani-

mal products and that of plant products are not identical and sug-

gest that no taxonomic difference exists between the vitaminD
efficiency of irradiated products from higher plants and irradiated

plants of the lower botamcal order

SUMIVIAEY

1. Data are presented which show that the vitamm D of irra-

diated cholesterol is more efficacious ui preventing rachitic mani-

festations m chicks than the rat unit equivalent in irradiated

ergosterol or in calciferol. It was observed that the vitamin D
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of irradiated ergosterol and that of calciferol were of the same

order of efficiency for chicks.

2 It is also shown that the antirachitic factor of irradiated

cholesterol is as potent for chicks as the vitamin D of cod liver

oil.

3. Since equivalent rat units of vitamin D from irradiated ani-

mal products (hog brains, butter fat, and lard) were more efficient

antirachitically for chicks than vitamin D from irradiated plant

products (cottonseed oil, wheat middlings, alfalfa leaf meal, yeast,

and fungus mycelium), it is concluded that the provitamins of

animal and plant products are not identical.

4. Evidence is presented suggesting that there is no taxonomic

difference between the vitamin D efficiency of irradiated products

from higher plants (cottonseed oil, wheat middlings, and alfalfa

leaf meal) and irradiated plants (yeast and fungus mycelium) of

the lower botanical order.
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STUDIES OF THE ACID-BASE BALANCE OF THE BLOOD*
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Medicine of the University of Chicago, Chicago)

(Received for publication, August 26, 1935)

It is now well recognized that the conditions in the blood during

the respiratory cycle, and in experimental or climcal acidosis or

alkalosis, can be expressed in terms of three variables, CO2

tension, bicarbonate concentration, and pH, and that simulta-

neous determmations of any two of these variables fixes the third,

in conformity with the Henderson-Hasselbalch equation. The
relationships between these variables define "what ls now commonly
known as the ^'acid-base balance” of the blood. Obviously, the

determination of only one of the three variables is insufficient. It

is now also well known that the acid-base balance may be dis-

placed in different directions under various experimental and

pathological conditions, and that the direction and extent of dis-

placement are in themselves of physiological and clinical signifi-

cance. The importance of these considerations was first pointed

out in the classic paper of Van Slyke (23). Our knowledge of the

subject has been made more exact by experiments upon blood

in vitroj by experiments upon intact animals, and by observations

upon the blood in pathological conditions. Since the subject has

received thorough treatment by Peters and Van Slyke ((18) p.

868), an extensive review is unnecessary here.

With the methods previously available w^hich have imposed

limitations upon the number and frequency of observations, cer-

tain phases of the problem of the acid-base balance—^more particu-

larly, those having to do with the changes occurnng with time

* This work was supported by a financial grant from the Julius Rosen-

wald Fund.
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following a disturbance of the normal relationships—^have re-

mained obscure In an effort to make these phenomena accessible

to study, the authors (21) have introduced a microtechnique, by

which all of the data necessary for characterization of the acid-base

balance may be obtained from analysis of minute samples of blood

taken from the finger tips at intervals as short as 30 seconds. In

addition, the authors (22) have devised a graphic method, depend-

ing upon the use of tnaxial coordmate paper, for the representation

and interpretation of shifts in the acid-base balance.

By the use of these methods the details of variations in the acid-

base balance in the blood of normal individuals have been studied,

which has resulted in a more complete understanding of the signifi-

cance of shifts of the acid-base balance. In addition, studies of

the rate of elimination of fixed alkali and fixed acid, by the normal

individual, have been made. These comprise the contributions of

the present paper.

Theoretical

Starting from normal conditions, acidosis may result from an

excess of CO2 in the blood, alkalosis from a CO2 deficit. With no

change in fixed acid or fixed base concentrations, the acid-base

balance is a function of the CO2 tension and the bicarbonate con-

centration. “When whole blood is titrated in vitro vdth CO2 the

well known caxbon dioxide absorption curve is obtained. From
these considerations it would appear that, unless the organism

responds to changes in CO2 tension vith the entrance into or with-

drawal from the blood stream of fixed acid or fixed base, any dis-

placement of the acid-base balance of the blood in vivo as a result

of CO2 excess or deficit should foDow the path of the carbon dioxide

absorption curv^e, and that any deviation from this path would

indicate a change in fixed acid or base.

Acidosis may also result from excess of fixed acid or deficit in

fixed base Conversely, alkalosis may result from excess of fixed

base or deficit of fixed acid. Under any of these conditions the

CO2 tension or the bicarbonate concentration or both are altered

by physiological processes in such a way that the acid-base bal-

ance IS displaced, but may still be accurately characterized by the

CO2 tension, bicarbonate concentration, and pH The effects of

adding fixed acid or fixed base to whole blood in vitro are knowm,
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but much less is known as to the details of the response of the

intact organism to the adnnmstration of these substances. The
question of whether displacement of the acid-base balance as a

result of the adniimstration of fixed acid or fixed alkali occurs with

or without change in CO2 tension is still an open one. It seems

probable, however, from the results of previous work, that the

typical physiological response to fixed acid excess is such that the

CO2 tension and pH both decrease and, conversely, that the

Fig 1 Acid-base chart showing four primary acid-base paths

response to fixed alkali excess is such that the CO2 tension and pH
both increase

On the basis of these considerations a diagram has been con-

structed, representing, on tnaxial coordinates, four hypothetical

major pathways of displacement of the acid-base balance in the

intact orgamsm (Fig. 1). The line labeled “CO2 excess^' and

*'C02 deficit” represents an average CO2 absorption curve for

oxygenated true plasma, as determined from tn vitro experiments

by Henderson and his coworkers (10) It is slightly curved to

represent accurately the experimental data The line labeled
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‘Acid excess’^ and “Alkali excess^^ has been drawn at right angles

to the CO2 absorption curve. Drawn thus, it is consistent with

known clinical and experimental observations that fixed acid

excess results in decreased CO2 tension and pH as well as bicar-

bonate, and that fixed base excess results in increases of the three

variables. The extent to which this hypothetical path is correct

is one of the questions to be answered by the experiments of this

paper.

As a further illustration of how a combination of changes of CO2

tension and of factors referable to the fixed acid of the blood may
affect the acid-base path, the respiratory cycle of blood has been

used as an example. The respiratory cycle of normal blood,

plotted on the triaxial acid-base chart, takes the form indicated by
the lines connecting the points A and V m Fig 1. The point A
represents the acid-base balance of Bock^s arterial blood, and the

point Y his mixed venous blood (10) It is apparent that the

path from A to 7 not only indicates titration of the blood with

CO2 but also the operation of a factor mdicating an increase m
fixed base. The latter is attributable to the reduction of the

hemoglobin in the passage of the blood through the tissues, and

the consequent lessening of its acidic strength. In passing from

mixed venous to arterial blood, the same factors are effective but

operate in the opposite direction. The small inner hexagon repre-

sents the normal area within which points denoting the acid-base

balance of the blood of normal mdividuals may be expected to

lie (22).

The present paper has a tw’o-fold purpose * (1) the presentation of

experimental data on the rate of change of various factors involved

in the definition of the acid-base balance wuth particular attention

to individual differences in the rate of return to normal after

displacement; (2) the mterpretation of the direction and extent

of acid-base displacement and recovery in terms of the hypothetical

pathw^ays illustrated in Fig. 1.

Method^^

Blood samples were drawm and determinations of volume of

cells, pH„ and total CO2 were made (in triplicate) by the micro-

^ Tables of the original data, of which only illustrative examples can be
published here, may be obtained by applj-ing to the authors
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technique previously described (21). The CO2 tension of the

blood, PCO2, and the bicarbonate concentration of the plasma,

(BHCOs)*, were calculated from the results of these determina-

tions by use of a nomogram constructed for this purpose (8).*

The use of triaxial coordinates, above referred to, m studying

the paths of displacement and of recovery, has been fully described

in Paper III (22).

Rate of Change of Acid-Base Balance

Effects of Ammonium Chlonde and of Sodium Bicarbonate

Experiments upon the effects of fixed acid and fixed alkali on the

acid-base balance were confined to the use of ammomum chloride

and sodium bicarbonate, administered orally.

The effect of ammonium chloride ingestion on the acid-base

balance of the blood of normal individuals has been studied by
Gamble, Blackfan, and Hamilton (4), Haldane (7), and Koehler

(13). Comparable experiments on the effect of sodium bicar-

bonate ingestion have been made by Davies, Haldane, and Kenna-

way (3), Koehler (13), Palmer, Salvesen, and Jackson (14), and

Palmer and Van Slyke (15).

Previous investigators have adequately demonstrated that an

acidosis with lowered pH^ and (BHCO3). follows the ingestion of

ammonium chloride, and an alkalosis with increased pH. and

(BHCOs)« follows the ingestion of sodium bicarbonate Since

their observations were made only at infrequent intervals after the

ingestion of a single dose of the salt, their data are inadequate for

the purpose of determining with accuracy the pathways followed,

and the rates of change durmg displacement of the acid-base

balance from, and recovery to, normal.

Experimental Procedure—Seven normal males served as subjects

for thirty-eight experiments. The subject came to the laboratory,

without breakfast, at 8.00 or 8 30 a.m. for each experiment, which

was carried out as follows: (1) Samples of finger blood were dravm

at 8.30 and 9 00 to serve as normal controls (2) After drawing

the blood sample at 9,00 a m. the subject was usually given 6 or 10

* Although the method used m our work yields the pH and (BHCOj)
of plasma, it has been decided to use pH, and (BHCO3), throughout, in

order to avoid multiplication of symbols For the purposes of the paper,

serum and plasma may we regarded as identical.
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gm. of NH4CI in 300 to 500 cc. of HgO, or 10 or 20 gm. of NaECOs
in 300 cc of H2O. (3) Blood samples were drawn at half hour

interv^als beginning at 9 30 a,m. and contmumg until 12 30 p m.

(4) The subject ate lunch after the 12 SO blood sample w^as drawm

(5) Blood samples were drawn at 1 hoxir mtervals beginning at

1.30 and concluding at 6 30 p.m. A total of eighteen ammo-
nium chloride experiments and twenty sodium bicarbonate experi-

ments w^as completed.

In three additional experiments three 6 gm doses of ammonium
chloride w^ere given at 1 hour mtervals m order to investigate the

effect of successive doses In six experiments a second dose of 20

gm, of NaHCOs in 300 cc of HgO w’as given at 1 30 p.m., and blood

samples w’’ere dra™ at half hour intervals durmg the afternoon as

w^ell as the forenoon The final blood sample w^as drawn at 7.30

p.m. In cases w^here the results w’ere not yet normal, another

blood sample w’as obtained at 8 30 the followmg morning

Efects of Admumirahoji of Ammomwn Chloride—The data of

each experiment—Vcj pH^, (BHCOs)^, and pCOg—were first
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plotted against time. While the general type of response follow-

ing 10 gm of ammonium chloride was the same in all individuals,

as illustrated by a representative experiment (Fig. 2), certain

variations were found m extent of displacement, time of maximum
effect, and rate of recovery Exanunatioii of the curves of the

eighteen experiments with ammonium chloride indicated the

foIloTvong: (1) A progressive decrease m (BHCOs)* occurred,

usually reaching a minimum between to 3 hours after the

ingestion of the NH4CI (2) The maximum decrease in pH, was
0 12 to 0.16 pH, for a dose of 10 gm. Dosages of 5 gm produced

their maximum effect in somewhat less time (3) The rate of

recovery was appreciably less than the rate of displacement, as

shoTO by the rate of change of both pH, and (BHC03)s (4)

There was often a rise m pC02 durmg the period of displacement

When the point of maximum change m pH, and (BHCO3), was

reached, however, the PCO2 usually decreased from 2 to 4 mm. of

Hg. During the recovery penod there was usually an additional

decrease in pC02 of from 3 to 5 nun. of Hg. These pCOa changes

will be brought out more clearly in the acid-base paths to be

presented later.

The cumulative effect of small dosages of ammonium chloride

was studied. When a single 16 gm. dose of ammomum chloride

was given, the maximum displacement was not as great as when
the same amount was given in three 5 gm. doses, the minimal

(BHC03)a being 18.7 and 14 8 mM per liter respectively. This

observation is of importance m the use of ammonium chloride for

therapeutic purposes.

Effects of Admimstrahon of Sodium Bicarbonate—^The data were

first plotted agamst time Examination of the curves of the

twenty experiments with sodium bicarbonate, one example of which

IS shown in Fig 3 ,
indicated the follo'^ing: (1) The (BHCOs), in-

creased rapidly and reached a maximum withm 1 to 1| hours

following sodium bicarbonate mgestion. It may be noted that the

rate of change was more rapid and the maximum displacement w^as

reached sooner than after ingestion of ammomum chloride. (2)

The (BHCO3), recovery curve was of a characteristic type, show-

ing, in most mstances, a rapid elimination from the blood for

about hours foUowmg the peak response During this period

there was a decrease in (BHCOs)^ of about 50 per cent from the
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V

peak. The remainder of the bicarbonate was eliminated quite

slowly, complete recovery sometimes not occurring until the

following day. (3) The maximum increase in pH, of about 0.10

to 0.16 pH for the given dosage of 20 gm. w^as reached between 1

and 1| hours after ingestion. (4) In most individuals recovery of

pH, to normal values was complete within 2 to 3 hours. (5) In

some of the experiments there vras a slight increase in pC02,

amounting to 4 to 10mm of Hg, at the point of maximum increase

in pH, and (BHCOa)^. (6) During the recovery period there was

pHs ai

pflCOHs mO perl

P^Q^ mm- cf

Munc^

\TooK^og.iia/1CO^ ^250

/O // /2A« z z 4 5

Pig 3, Effect of NaHCOs on the acid-base balance of the blood

sometimes a further increase in pC02 of from 5 to 8 mm of Hg,

although this was not an invariable result

Experiments were performed m which t^ro doses of sodium

bicarbonate were given on the same day. In addition to the fea-

tures already pointed out, the follo'wdng was observed: (1) The

response to the second dose was usually greater than that to the

first dose vdth respect to mcrease m both pH and bicarbonate.

(2) The mcrease in pC02 during the recovery period was particu-

larly accentuated.

Rate of Elimination of Excess Fixed Acid and Fixed Base—Since

our data permit the plottmg of acid-base displacement and recov-
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ery against time, it seemed desirable to find a means of char-

acterizing, in quantitative terms, the rate at which the acid-base

balance of the blood returns to its initial condition after displace-

ment It was felt that if such characterization were possible,

individual differences in the ability of normal and pathological

subjects to deal with abnormal amounts of fixed acids and alkalies

might be revealed which were not shown by single acid-base

determinations.

To plot simply the change of bicarbonate agamst time is insuffi-

cient, however, because, with increasing pHs, more base is bound

by the protems of the blood, and the increase in bicarbonate

observed is less than the actual addition of fixed base (or loss of

fixed acid) which occurred. By utihzmg the buffer value of whole

blood, however, and correcting all observed values of (BHCOs)*, to

pH 7 4, the change in the amount of fixed acid or fixed base in the

blood could be estimated These calculations have been made,

assuming the relation dJB/dpH = 26, where dB/dpH represents

the change in millimoles of base per liter of blood bound by blood

buffers per unit change in pH, between the pH limits 7 2 and 7 6.

Since changesm percentage of cells were slight in each expermient,

no attempt was made to correct for changes in the buffer value of

the blood during the course of an individual experiment. The
BHCOs of the total circulating blood was then estimated by
multiplying the (BHCOs)^ at pH, 7 4 by the estimated blood

volume, which was assumed to be 0 077 times the body weight of

the subject The apparent amount of additional fixed alkali or

acid in the blood was estimated as the change in the total bicar-

bonate, compared with the initial value before the ingestion of the

alkalinizmg or acidifying salts The percentage of the mgested

acid or alkali present in the blood at definite times was then

calculated by di\iding the change in total bicarbonate by the

nullimoles of salt ingested, and multiplying by 100 These

percentages were plotted against tune elapsed smce adnimistra-

tion of the salt. An example is given in Fig. 4.

These curves showed the approximate percentage of ingested

fixed alkali or fixed acid present in the blood. They were char-

acterized by two phases: an ascending portion in which the salt

was being absorbed faster than it was being elimmated, and a

descending portion in which the process of elimination from the
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blood stream predommant. The form of the curves during

recovery suggested a relation to chemical reactions of the first

order, dc/c = or log c = fci + constant. By plotting the

loganthni of the percentage change in bicarbonate against time,

a linear relationship was obtained in which the slope, fc, is ten-

tatively called the constant of elimination (Fig 5). The signifi-

cance of h is that it denotes the rate at which the logarithm of the

percentage of circulatmg excess acid or alkali changes. Similar

plots were made for all experiments, and the slope, or elimination

constant fcj was estimated for each.^

Subject CvT

n Z5s NaHCC^

0 5

PercentOf PmountlN6£vrEo
Found JN Bloodi

tr .. L
V

n < >
!

u —
(

s~ >
<

)

—

i

0— 3—

!

2 3 4 5 S 7 S 9 W
HOURS FOLLOWm INSESTION

Pio. 4, Rate of disappearance of excess NaHCOa from the blood

The mdividual values of k obtained in twenty-seven experi-

ments on six individuals are listed in Table I It may be seen (1)

that reproducible elimination constants were obtamed in dupli-

cate experiments on the same indmdual when the same dosages

of the same salt were used, (2) that varying the dosage did not

» It may be pointed out that plotting the logarithm of the change in

(BHCOs)^, corrected to constant pH^, agamst time will yield the same value

for the elimination constant as the calculation just described. However,

smce our subjects were of different weights and were given different

amounts of alkalinizing and acidifying salts, it was necessary, in studying

the influence of these factors, to estimate the per cent of ingested salt which

was circulating in each instance.
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Fig 5 Examples of determination of elimitiation constants. For

NH4CI, fc » ~0 04; for NaHGO^, h = ~0 14

TabI/B I

EliminaiioTi Constants

i k, NHtCl k, NaHCOs

Sub>
ject Dosage

Mean
Dosage

Mean
5gm 10 gm 15 gm 20 gm 10 gm 20 gm

1
25 gm

JB -0 10 -0 08 -0 08 -0 08 ~0 08 -0 07 -0 07

-0 08 -0.05
1

JE -0 06

-0 06

-0 06 -0 07 -0 05
1

-0 00

LM -0 11 -0 08

-0 07

-0 08 -0 11

i

-0 11 -0 11
1

t

AM -0 03 -0 04 -0 04 -0 04| -0 11 -0 12 1
-0 11

SS -0 06 ~0 06 -0 05 -0 04

-0 07 1

1

-0 03

CT -0 04 -0 04 -0 14 -0 14

materially influence the value of Jc, and (3) that in two of the six

.subjects studied, the elimination constant following ingestion of

NaHCOa was stnkmgly greater than that following NH4CI
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Although the series is too small to permit statistical treatment,

it would appear that the individual subjects varied with respect

to the mean value of h obtained These differences in elimination

constants were more marked with NaHCOs than with NH4CI.

It is probable that such differences with respect to the excretion of

acid and alkali in pathological conditions may be of clinical

significance

The smaller the dose of ammonium chloride, the greater w^as the

per cent of circulating excess acid at the time of maximum acid-

base displacement. This is shown by the experiments on JB and

AM in Table II. Whether or not this is also true for sodium bi-

carbonate awaits further experimentation. It was also usually

Table II

Percentage of Acid or Alkah Ingested Found in Blood at Time ofMaximum
Acid'-Base Displacement

Subject Dose
NHiCl

Maximum dis-

j

placement
Subject Dose

NaHCOi
Maximum dis-
placement

gm mil hrs per cent gm msi hra per cent

JB 94 0 5 29 5 JB 20 238 1 0 17 2
u

! 10 187 2 0 20 9 tt 20 ! 238 1 0 19 3
(t

15 281 3 0 13 9 LM 10 119 1 0 32 6

AM 5 94 2 0 39 0 t( 20 238 1 5 22 0
it

10 187 2 0 14 5 SS 20 238 1 5 19 0
tt

15 i 374 2 0 11 8 AM 20 238 1 0 13 6

observed that the point of maximum acid-base displacement

occurred after a longer time had elapsed following the mgestion

of ammonium chloride than following an equivalent dose of so-

dium bicarbonate.

Effects of Rebreathing and Overhreaihirtg

COz Excess—The changes m the acid-base balance of the blood

produced by increasmg the CO2 tension of the inspired air have

been described by several investigators (3, 11, 20). However,

the question of w^hether the changes are simply those to be expected

if blood is titrated with caibon dioxide, or w’hether changes in

fixed acid or base are mvolved, remains an open one (18). The
purpose of the experiments to be described m this section was to
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titrate the blood in vivo with CO2 and study both the nature of the

changes produced in the acid-base balance of the blood and the

temporal relationships involved in these changes.

Experimental Procedure—A series of twenty-four experiments

was carried out, with six normal males as subjects. The subject

rebreathed through a closed system of about 35 liters of oxygen

for 15 to 18 minutes, durmg which time the per cent of CO2 grad-

ually rose to approximately 9 per cent Samples of blood were

drawn at 2 mmute intervals and analyzed as previously described.

Samples of the air in the tank were analyzed at 2 mmute inter\^als

for the per cent of CO2 by the Haldane apparatus for gas analysis.

Physiological Effects—In all subjects the respiration increased

graduallym rate and amplitude, as has been reported in numerous

experiments (3, 16, 19). Toward the end of the rebreathing

period, the respiration rate and amplitude reached uncomfortable

proportions, finally making continuation of the experiment

impossible.

Blood Changes—^The data from all experiments were plotted

against time, as illustrated by a representative experiment in

Fig. 6 The pHs showed a decided decrease during rebreathing.

In most expermients the drop began after 2 minutes of rebreathing,

although in the first experiments with some subjects the pH*
slightly increased during the first 2 minutes of rebreathing. This

increase m pH^ may have been produced by overbreathiag on the

part of the subject. The pH« contmued to fall throughout the

rebreathing period at a rate of 0 02 to 0.04 pH, per minute, reach-

ing values of 7.18 to 7 20 in all experiments. When rebreathing

was stopped, the pHs rapidly returned to normal. In fact, m
some experiments the pHs was higher 2 minutes after the cessation

of rebreathing than 4 minutes later

The pCOa of the blood increased durmg rebreathing at a posi-

tively accelerated rate, rising from normal values of 40 to 45 mm
of Hg to a maximum of 70 to 77 mm. In some experiments there

was a shght decrease in pCO^ during the first 2 minutes of re-

breathing.

Not much change occurred in (BHCOs)* for the first 4 to 8

minutes of rebreathmg. Subsequently the (BHCO3), increased

at the rate of 0 5 to 1 0 rmi per liter per minute until the end of the

rebreathmg period.
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CO2 Deficit—It has been well established that with overv'entila-

tion the followTng changes take place As the pC02 of the alveolar

air—and, consequently, of the blood—decreases, the pH, increases

and the (BHCOa), decreases. Whether or not a decrease in the

level of the CO2 absorption curve also occurs appears to depend

Fig 6. Effect of rebreathing on the acid-base balance of the blood

to a large extent upon the length of tune the hyperpnea is main-

tained (5, 12, 17). Theevidenceonthesepointshasbeen thoroughly

reviewed by Peters and Van Slyke ((18) p 954), and \m11 not be

repeated here. Since doubt exists as to the direction, rate, and

extent of the changes produced both during the period of dis-

placement and the period of recovery, the acid-base microtechnique
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was employed to study these questions (21). In addition, acid-

base paths were determined in experiments where overbreathing

w^as combined with fixed alkali and fixed acid excess.

Experimental Procedure—

A

series of twenty-four experiments

was carried out on six normal males. The subjects came to the

laboratory at 8.30 a.m. without breakfast. First, a nor^ial

control sample of blood was drawn; then the overbreathing was

begun with the subject lying on his back. The breathing was
carried on as forcibly as possible, with emphasis on expiration.

The overbreathing period varied m extent from 6 to 20 minutes.

Blood samples were drawn from the finger-tips at 2 imnute inter-

vals durmg the overbreathmg period, and for the first 10 minutes

of the recovery period. Subsequent samples were drawn at inter-

vals of 3 to 8 minutes for the succeeding 20 minutes

Physiological Effects—^The physiological effects of hyperventila-

tion have been repeatedly described (1, 2, 6, 16) The extent of

the changes mduced m these experiments may be judged from the

fact that in all subjects, except one, definite signs of tetany, includ-

ing carpopedal spasm, were observed

Blood Changes—^Results from all experiments were plotted as in

Fig. 7. The changes m pH®, pC02, and (BHCOs)^ occurring dur-

ing overbreathing and durmg recovery may be summarized briefly.

The pH« increased rapidly— many experiments as much as

0.04 to 0.06 pHa per minute—durmg the first 3 or 4 minutes of

overbreathmg In experiments where the overbreathing was

continued for a longer time, this initial period w^as followed by one

in which the rate of mcrease was not so rapid Perhaps the most

striking observation of this series of experiments was the rapidity

with which the pH* returned to normal following the cessation of

overbreathmg. While individuals differed m their speed of

recovery, the pH, dropped 0.10 to 0 24 pH, units durmg the first

2 imnutes after cessation of hyper^^entilation, dependmg on the

extent of displacement. In most experiments the pH, had re-

turned practically to normal withm the first 4 minutes after over-

breathing was stopped The remazmng decrease in pH, took

place at a diminishing rate, complete recovery bemg attained in

15 to 20 mmutes.
The inverse relationship between the pC02 and pH, wns strik-

ingly illustrated. Overbreathmg produced a rapid fall in pCO^^



254 Acid-Base Balance of Blood. IV

amounting to 4 to 6 mm. of Hg per minute m most experiments.

In all the experiments the rate of decrease m pCO^ showed a nega-

tive acceleration—the first 2 minutes of overbreathing producing

the greatest change per minute. Values of pC02 as low as 15 to

20 mm. of Hg were reached in most of the experiments. After

im

— 38‘C.

-[BhO^m/yj

Or^/NA Q \Z ft „

Fig 7 Effect of overbreathmg on the acid-base balance of the blood

overbreathing, the pC02 of the blood rose as much as 25 mm. of

Hg in 2 minutes The subsequent rise was at a decreasing rate,

complete recovery requiring 15 to 25 minutes.

In aU experiments, the (BHCOsls decreased slowly. In most

cases tliis decrease progressed at a practically constant rate of from

0.2 to 0.7 niM per liter per minute The actual decrease amounted
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to from 4 to 7 dim, dependmg upon the length of time the over-

breathmg was continued. The bicarbonate content of the serum

increased as soon as the started to rise following the cessation

of overbreathing, and returned to a value about 1 to 2 noM per liter

below the initial value within 15 to 20 minutes.

Ac%d^‘Ba8e Paths of Displacement and Recovery

Administration of Ammonium Chloride—^The data obtained

from the time curves were plotted on triaxial coordinates, in order

to investigate the paths of acid-base displacement Each point

on such a chart represents the acid-base condition of the blood at a

given time. As stated before, the time interval between the first

ten points is i hour, while that between subsequent points is 1

hour.

Fig. 8 illustrates the types of paths encountered in four subjects.

The large open circles represent experimental observations follow-

ing the administration of NH4CI. These diagrams show that

after the ingestion of ammonium chloride the change in the blood

during the period of displacement was in the direction of decreased

pH, and (BHCO3),, without much change in pC02 In some m-
stances, however, there vras an immediate increase in PCO2 during

the first half hour followmg the ammonium chloride mgestion.

After the point of maximum displacement was reached, there

was a period of decreasing fCO^ which resulted in an increase in

pH,. The subsequent return to normal varied somewhat in the

direction taken, but in general may be said to have foUow’^ed a

course of increasing pH,, (BHCOs),, and pC02 These events

may be described as indicating that there was a period of displace-

ment without “compensation” of pH, follow'ed by a period of

recovery with compensation (23).

Administration of Sodium Bicarbonate—^In Fig, 8 the triangular

points represent data on four individuals following the administra-

tion of NaHCOs. From an examination of the acid-base paths of

all the experiments with sodium bicarbonate the following state-

ments may be made. (1 ) The path of displacement of the acid-

base equihbrium by the mgestion of sodium bicarbonate w^as Imear

when plotted as shown here. This Ime of displacement tended to

remain practically parallel to the constant pC02 lines (2) In all

tw'enty experiments there w^as an mcrease in pCOa after the
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maximum pHi, and (BHCOs)* were attamed. There was then a

period of increased pC02 which caused a swing in the path toward

the initial pHs value The subsequent return to the normal

condition took place with decreasing (BHCOs)#, pCQz, and pHa.

Thus it may be said that during the period of displacement of

Figs S, a to 8,
d Four primary acid-base paths of displacement and re-

covery determmed on four normal human subjects For explanation of

symbols, see the text

the acid-base balance with fixed base excess, there was apparently

no compensation of pHs, but that during the recovery period

compensation occurred (23)

CO2 Excess—In Fig. 8 the acid-base paths during rebreathing and

recovery are indicated as circled crosses. In these graphs each
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point represents a blood determination at tbe constant mterval of

2 mmutes. The dotted line in the charts is the CO2 titration

curve of normal human blood, plotted from the data of the in vitro

experiments of Henderson and his collaborators. The graphs

show that the slopes of the displacement paths of normal individ-

uals were quite constant, and closely paralleled the CO2 titration

curve of normal human blood. The slopes of the recovery curves

were not sufficiently different from those of the displacement

curves to indicate that there had been any significant change in

fixed acid or fixed base as a result of CO2 excess.

CO2 Defiai—^In Fig. 8 the sohd black points represent data

obtamed at 2 minute intervals during overbreathing experiments.

The linearity of the displacement path and the constancy of its

slope, not only with respect to different experiments on the same

subject but also for different subjects, were striking. These

experiments showed that while the displacement path proceeded

along the CO2 titration curve during the early stages, after con-

tinued overbreathing there was an appreciable increase in fixed

acid of the blood which persisted for a much longer period than

the CO2 effects. The recovery paths followed a Ime parallel to

but lower than the paths of displacement

Experiments were also performed in which the period of over-

breathing was preceded by a smgle dose of either sodium bicar-

bonate (25 gm ) or ammonium chloride (10 gm ), producing changes

m the fixed acid-base condition of the mdividual as previously

reported, in order to determine the effect of such displacement on

the path produced by overbreathing The character of the

changes resulting from overventilation was unaffected by fixed

acid and fixed base displacement, although their positions on the

acid-base chart were of course altered In Fig. 9 the sohd trian-

gles indicate the results of blood analyses made at half hour inter-

vals following the ingestion of 25 gm of NaHCOsm 500 cc, of H2O
;

the open circles, the results following the ingestion of NH4CI
The solid circles are determmations made at 2 minute mtervals

during overbreathing and recovery These results show strik-

ingly the differentiation between metabolic and respiratory

factors involved in the regulation of the acid-base balance of the

blood.

Furthermore, from Fig 9 it can be seen that the recovery path
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swings toward the direction of increased fixed acid in all the experi-

ments. Thismay be taken as evidence for the presence of increased

amounts of acid in the blood, amounting to about 1 to 2 mn per

liter, probably formed as a result of the increased muscular work

and the reduced oxygenation of the tissues following the dimin-

ished blood flow" resulting from the overbreathing

In view of the fact that tetany occurred in aH overbreathing

experiments on all subjects save one (AHM), regardless of whether

they w"ere normal or in a condition of fixed acid or alkali excess, it

IS beheved that the excessive decrease in pCOa is to be viewed as

the contnbutmg cause, rather than the increase in pH,. Subjects

foHCOal, 473?^4S „m « per 42^^ TSISQ p”»

7Z0\J

pH. ^^53

Figs. 9, a and 9, 6 Complex acid-base paths Respiratory alkalosis

ouperimposed upon metabolic acidosis and alkalosis For explanation of

symbols, see the text

with alkalosis produced by the ingestion of sodium bicarbonate

often had a pH, higher than 7 50 w-ithout exhibitmg tetany
;
whereas

subjects with acidosis produced by the ingestion of ammonium
chloride and then subjected to overbreathing developed tetany

with pH, of 7.50 to 7.56. On the other hand, when the pCOs of

the blood was dimmished to approximately 20mm
,
tetany ensued

irrespective of the pH^.

It may also be pomted out that in these experiments instances

were encountered in which the pH, w"as normal, but the (BHCO3),

and PCO2 were markedly decreased. (See Fig. 9, pH == 7 40,

(BHCO3), = 18 mM per liter, pCOa — 30 mm, of Hg ) Such an
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observation might be regarded as a condition of compensated

acidosis. As a matter of fact, m this instance it represents a

combination of two abnormal conditions, which may be desig-

nated as metabolic acidosis and respiratory alkalosis.

Major Acid-Base Paths—^The outstanding points of similarity

in the paths illustrated in Fig. 8 are: (1) The paths following CO2

excess and deficit correspond closely with the CO2 absorption curve

of blood, represented by the broken line on the charts. (2) The
paths of recovery following CO2 excess are, within the hmits of

observation, identical with the paths of displacement. (3) The
paths of recovery following CO2 deficit are slightly displaced to

the left, indicating the acquisition of some fixed acid by the blood.

(4) The paths of displacement and recovery following fixed acid

and base excess are approximately at right angles to the CO2

absorption curves. (6) The fixed acid excess recovery curve is

always displaced to the right of the displacement curve to a

greater or less extent, indicating a respiratory adjustment leading

to a lower pC02 and higher pH«. (6) The fixed base excess

recovery curve is always displaced to the left, mdicatmg a respira-

tory adjustment leading to a higher PCO2 and lower pH,.

The points of dissimilarity are that the direction of displacement

produced by fixed acid and base excess varies in different experi-

ments, although it is usually approximately along a constant

PCO2 line. The paths of recovery also vary in different individ-

uals, from one approximating a constant pC02 line to one making a

right angle with the path produced by changes in CO2 tension.

Interpretation of Abnormal Acid-'Base Conditions—^Four major

paths of displacement and recovery of the acid-base balance have

been found experimentally, corresponding approximately to the

hypothetical paths illustrated at the beginning of this paper

(Fig. 1). It has been seen that the effects of the four major

mfluences upon the acid-base balance, when acid-base data are

plotted on triaxial coordinates, are, in typical instances, sufl&ciently

separated from one another to permit the characterization of

deviations from the normal condition. Pathological conditions

affecting the acid-base balance may, on the basis of the considera-

tions just cited, be classi6ed under the following four main
divisions.

Metabolic Acidosis—^By this is meant a condition of fixed acid

THE JOXmKAX. OF BIOLOGICAIi CHBUlBTHT, VOIi. 112, NO 1
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excess or fixed alkali deficit mthout respiratory complications It

is indicated in Fig. 1 by the line labeled ‘^Acid excess/^ This

type of acidosis may be the result of excessive production of fixed

acid, as m diabetes, or inadequate excretion of fixed acid, as in

nephritis. It may be pointed out that anoxia leading to lactic

acid accumulation causes an acid-base displacement m the direc-

tion of metabolic acidosis.

Metabohc Alkalosts—^By this is meant a condition of fixed alkali

excess or fixed acid deficit without respiratory complications. It

IS indicated m Fig. 1 by the hne labeled ‘‘Alkali excess.’' This

type of alkalosis may be the result of loss of fixed acid, as in pyloric

obstruction, or excessive absorption of fixed base, as m the treat-

ment of gastrointestinal disorders with basic salts.

Respiratory Acidom—^By this is meant a condition of CO2

retention resulting from inadequate removal of CO2 from the

lungs. It is mdicated m Fig. 1 by the line labeled “C02 excess.”

This type of acidosis may be the result of obstruction in the

respiratory system, inadequate movement of the respiratory

muscles, inadequate lung surface available for aeration, or a

decreased coeflSeient of diffusion through the pulmonary epithe-

lium. In the presence of inadequate oxygenation of the blood in

the lungs and any factor leading to metabolic acidosis, the dis-

placement follows closely the CO2 absorption curve of the blood tn

vitro, and is equivalent to titrating the blood with CO2.

Respiratory Alkalosis—^By this is meant a condition of excessive

loss of CO2 resultmg from overventilation. It is indicated in Fig

1 by the line labeled “CO2 deficit.” This type of alkalosis may be

the result of excessive activity of the respiratory mechamsni

originating in the central nervous system. It is also observed in

hyperthermia and in exercise accompanied by an increase in

temperature. The direction of acid-base displacement follows

closely the CO2 absorption curve of blood in vitro Recovery to

normal may be accompamed by slight displacement toward the

direction of metabolic acidosis, owing probably to the entrance mto
the blood stream of lactic acid.

Combinations of Two Factors—Sometimes two or more factors

tending to displace the acid-base condition from normal may
operate simultaneously For example, if one finds a decreased

(BHCO3), and pCOa, but normal pHs, a condition of metabolic
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acidosis and respiratory alkalosis is indicated. On the other hand,

the acid-base displacement may be m a direction of mcreased

pC02, decreased pHa, and decreased (BHCOs)^. This would

indicate a condition of metabolic acidosis and respiratory acidosis.

Both of these conditions have been observed in dogs by Hastings

and Steinhaus (9) ,
the first, when the animals swam in water at a

temperature of 40*^ and the second when the water was at a tem-

perature of 15®.

It is hoped that the accumulation of further observations on the

acid-base balance and the simultaneous study of clmical symptoms
associated with the activity of the respiratory and cardiovascular

systems will lead to a better understanding of the etiology of acid-

base disturbances.

summahy

Theacid-base balance of the blood of normal individuals has been

studied at frequent intervals under a variety of experimentally

produced abnormal acid-base conditions. From the results it has

been concluded* (1) that individuals may be characterized in

terms of the rate at which the acid-base balance of the blood is

restored to normal after experimental displacement; (2) that

abnormal acid-base conditions may be characterized in terms of

the physiological factors mvolved.

The significance of these conclusions for the interpretation of

pathological acid-base conditions has been pointed out,
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If one is willing to accept the hypothesis that any substance

which IS convertible to “extra sugar’' in a phlorhizinized animal is a

source of glycogen and ketolytic material, and that under such an
abnormal rdgime the pathway of metabolism of the substance is

the same as is foimd in the normal animal, then there can be httle

doubt but that alanine and glycine are excellent glycogen formers.

Emger and Lusk (1) have shown a complete conversion of dh
alanine to urinary glucose under phlorhizin poisonmg. Dakin (2)

obtained the same result after 2-alanine, using a similar technique.

Ringer and Lusk (1) were also able to show the same complete

conversion when glycine was fed. These experiments carried out

under such an unphysiological procedure do show a possibility of

conversion but shed no hght on the behavior of these compounds
in the normal animal.

A few workers have attempted to study glycogen formation

after the administration of ammo acids to normal animals. Of the

various papers, as Wilson and Lewis (3) have pointed out, in only

two previous to the publication of their paper, do the experiments

appear to have been satisfactorily controlled. Simon (4), who
studied glycogen formation after giving leucme to animals which

had been rendered glycogen-free by fasting and by the use of

strychnine, concluded that this amino acid was not a glycogen

former. The second paper in which the work seems to have been

well controlled is Pfluger and Junkersdorf’s (5) m which glycine

was given to dogs which had received phlorhizm to deplete the

263
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glycogen deposits. In one case a definite increase in liver gly-

cogen was noted, while in a second experiment no rise in this con-

stituent was found. In two experiments on normal fasted animals

definite glycogen formation was evident.

Wilson and Lewis (3), using rats as experimental animals, have

studied the liver and body glycogen after oral administration of

glycine, d- and di-alanine, d-glutamic acid, and Z-leucine. Of these

substances they report that only d-alanine, dZ-alanine, and d-glu-

tamic acid showed glycogen deposits significantly higher than the

control levels, while glycme and Weucine were negative in this

respect.

Another method which may be used to study sugar formation

from amino acids is to try their effect on the condition of ketonuria.

Because so few of the lower animals develop such a condition, it is

necessary to resort to an artificial ketosis. Such a method has

been used by Butts and Deuel (6), in which sodium acetoacetate

is fed in sufficient amoimt to cause considerable quantities of the

acetone bodies to be eliminated in the urine. This condition

responds to feeding of carbohydrate or precursors of glucose

(Shapiro (7)) in much the same way as a ketonuria induced by

fasting or carbohydrate-free diet in man.

Since there seems to be considerable doubt m regard to the

quantitative relationships, it seemed to us to be a field worthy of

investigation. The synthesis of the pure amino acids and tbeir

resolution into active isomers are being carried out by one of us

(M. S. D.), while the metabolism of these compounds is bemg
studied by another author (J, S. B.). This paper is the first of a

senes in 'which we hope by comparison of glycogen formation and

evaluation of the acids as to their ketolytic or ketogenic properties

to place the ones available in their correct category in metabolism.

EXPERIMENTAL

The study of the metabolism of these amino acids is divided

into tw^o parts. The first part is in relation to their ability to form

glycogen; the second, to test their effect on the condition of

ketonuria.

Male rats ranging from 200 to 250 gm. in weight were used for

the^lycogen studies. After a preliminary 48 hour fast, the rats

were fed the sodium salts of the amino acids by stomach tube.
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In the case of glycine 2.00 mg. per sq.cm, of surface area was the

dose employed. The alanines were fed on the basis of carbon

content, which would mean 1 mole of alamne for each 1 5 moles of

glycine. This amounted to 1 58 mg per sq cm of body surface.

The surface area was calculated according to the formula of Lee

(8). 8 hours after the feeding of the ammo acids, the livers were

removed and glycogen determmed according to the technique

described elsewhere (Deuel et al (9)).

The ketolytic properties of the various amino acids have been

studied after developing an artificial ketonuria, by the techmque

of Shapiro (7), which consists of feedmg 1.5 mg. of sodium aceto-

acetate (calculated as acetone) per sq cm. and superimposing upon

this the substance whose ketolytic activity is to be studied The
total amount of the acids given daily in two divided doses in the

ketolytic experiments was the same, except in the experiments

reported in Table IV, as was employed in the glycogen studies.

In the ketolytic experiments reported m Table IV one-half this

amount was the quantity given. Female rats were used for this

part of the work. Urine collections were made every 24 hours as

described elsewhere (6), and analyses were carried out for total

acetone bodies by the Van Slyke method and total nitrogen

according to the Kjeldahl technique. It seemed important to us,

in view of the different rates of absorption of the various amino

acids (10), to determine whether or not absorption was complete

after 8 hours. Accordmgly, the gastrointestinal tract was re-

moved, in some cases from the anus to the esophagus, in others

from the cecum to the esophagus. Before cutting, the tract vras

chpped off proximally to the section A large syringe was fitted

onto the lower end, of the tract and 50 cc. of hot water forced

through the gut and stomach. The washings were made acid with

acetic acid and heated to boilmg; after this 10 cc. ol 20 per cent

trichloroacetic acid were added to insure complete precipitation of

the protem, after which the solution was made up to 100 cc and

filtered. Ahquots of this solution were used for the determination

of amino nitrogen according to the Van Slyke techmque.

Results

It wiU be noted that for economy of space as a rule only sum-

mary tables are reported. However, the ratio of the mean differ-
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ence to the probable error of the mean difference is calculated.

In the glycogen determinations it is computed for various groups,

one against the other. When the difference of this ratio exceeds

3, the differences between the averages of the comparable groups

are considered statistically significant (9).

In the control group of twenty males the values ranged from

0.00 to 0.56 with an average of 0,24 per cent. This figure is in

close agreement with the results of Wilson and Lewis (3) who
report 0 21 per cent liver glycogen, although their animals had

only a 24 hour fast. Also they fail to report the sex of their

animals.

Tabib I

Liver Glycogen Determinations on Male Eats Receiving, after a JjS Hour
Past, Either Glycine Mg ), dUAlanine {1J8 Mg,), or d-Alanine

(1J8 Mg,) per Sq,Cm (S Hours between Feeding and Killing)

Substance fed
No
of
rats

Liver glycogen,
per cent PE

Of
mean

Mean difference/
PE of tf D

compared with

Per cent above
mw.n com-
pared with

Mmi*
mum

Maxi-
mum Mean (I) (ID (HI) (I) (ID (HI)

Control (I) mm 0 71 0 24 95 100

Glycine (II) 10 1 14 5 92 100 100

dl-Almine (III) 10 0 66 2 44 1 14 0 122 7 37 4 06 90

d-AIanme (IV), . m 1 25 3 71 2 15 0 117 16 02 11 8939 100

In Table I there are given the results on liver glycogen formation

after feeding the sodium salts of glycine, d-alanine, and d?-alanine.

In Table II are reported the results on residual amino nitrogen

foimd in the washings of the gastrointestmal tract. The only

experiment which would indicate any retention of the amino acid

is one result on an animal which received glycine. Even m this

case there was approximately 87 per cent absorption, the other tw^o

experiments showing 97 and 96 per cent. The alanines gave some-

what better absorption values, in both experiments more than 98

per cent.

A control experiment was carried out to determine the validity

of the method. di-Alamne was given by stomach tube and the

gastrointestinal tract immediately removed and the w’'ashings

carried through the usual procedure When increasing amounts
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were given, the per cent recovery was less, as, when 25.16 mg. of

nitrogen were fed, 102.8 per cent was recovered. Twice this amount
fed resulted m 94 per cent recovery. After 2.5 times the first

amount, a recovery of 91.6 per cent was found.

When the ammo acid was carried through the precipitation but

without feeding, a 100 per cent recovery -was found, showing that

none of the amino mtrogen was lost by the technique employed in

protein precipitation.

After glycme, the average value for liver glycogen amounted to

0.60 per cent (range 0.24 to 1.14); following di-alamne 1.14 per

Table II

Amino Nitrogen Content of Washings of Gastrointestinal Tract of Male
Rats Fasted 48 Hours with and without Alanine or Glycine

Substance
No of
rats

Absorp-
tion
time

Ammo
Nfed

Ammo N recovered

Mim-
znum

Maxi-
mum Mean

hrs mg mg mg mg percent

Control* 5 0 0 2 44 3 53 2 90

di-Alanine* 1 0 25 16 26 10 102 8
tt 2 0 50 32 46 80 47 90 47 35 94 0
tt •

1 0 62 90 57 40 91 5

Glycine ... . 3 8 122 00 3 44 16.10 7 78 6 14

di-Alanine 3 8 80 00 0 73 1 38
1

1 02 1 27

d-Alanine 3 8 80 00 1 10 1.54 1 25 1 56

Control 4 8 0 1 11 1 33 1,13

* Control experiments to determine the accuracy of the method.

cent (0.32 to 2.44); and after d-alanine 2.15 per cent (1.25 to 3.71).

The statistical treatment of the data shows that the mean differ-

ences in each case are significantly different from the control value,

and that the same is true for the average of d-alanine when com-

pared with glycine or di-alamne.

Generally speaking the ketolytic experiments followed along in

the same order one finds in evaluation of the various substances as

glycogen formers; namely, glycine the poorest from the standpoint

of both a glycogenic and ketolytic compound, with dJ-alanine

some'what better in both respects, and with c?-alanine decidedly the

best of all. These results are given in Tables III to V.
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DISCUSSION

In view of the results of Wilson and Lewis (3) the fact that

glycine gives any glycogen is surprising. However, the value of

0 60 per cent in comparison with a control value of 0.24 per cent is

quite definite. More weight may be given to these data when
statistically compared with the control. When the mean differ-

ence is divided by the probable error of the mean difference, a

value of 5.92 is found. Further, with only one animal receiving

glycine was the liver glycogen as low as the mean glycogen content

of the control group, and this was identical, 0.24 per cent. Only

one control was higher than the average value of the animals

receiving glycine.

Although Wilson and Lewis (10) report that this acid is not as

readily absorbed as some of the others, notably alanine, yet the

amount we fed would fall well within the range one would expect

to be absorbed in 8 hours. The determinations carried out to

ascertain residual amino mtrogen gave essentially blank values,

although in one case the value after glycine seemed unusually

high. On this basis we concluded complete absorption.

In the ketolytic experiments there can be no doubt but that the

excretion of acetone bodies is decreased when glycine is fed along

with the sodium acetoacetate. The average daily excretion of

total acetone bodies when glycine vras fed expressed as gm. per

sq.m. (calculated as acetone) for the 5 days is as follows: 3.31,

3.06, 3.16, 3.41, 3.63, against control values for htter mates of 6.29,

8 71, 10 00, 10.72, 10.44. When compared statisticafly every

day, the values were found to be significantly lower than the

controL

In the experiments with dZ-alamne the liver glycogen was found

to be considerably higher than after glycine containing an equiva-

lent amount of carbon. The value of 1.14 per cent for ten animals

again show^ed statistical significance against both the control and
animals receiving glycine, with none of the individual experiments

as low as the average of the control group and only one lower than

the average of the animals given glyciue. The ketolytic experi-

ments showed essentially the same results; namely, that in com-

parison to glycine dJ-alanine is a much better ketolytic agent.

For the 5 days, values of 2 55, 2.29, 2 00, 1 65, and 1.34 gm. of

total acetone bodies per sq.m. were found which are considerably
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Table IV

Acetone Body Excretion of Female Rats (in Gm. per Sq M. of Body Surface)

Receiving 1,5 Mg, of Sodium Acetoacetate per Sg Cm per Day and

Either d^Alamne or dUAlanine (0.80 Mg. per Sg Cm per Day)

Experiment
No Surface area

Acetone body excretion

lat day 2nd day 3rd day

d>Alanme 176 292 2 23 1 64 1 06

177 279 1 60 1 30 1 25

178 266 1 89 2 82 1 50

179 271 1 00 1 34 0 83

180 264 0 96 1 54 1 58

181 265 1 72 204 1 60

182 264 1 00
;

2 00 1 97

183 264 0 97 1 21 0 69

184 260 1 33 1 80 0 84

Average . 268 141 1 74 1 25

dl’^Alanmo 1 185 277 2.19 2 78 2 84

186 288 3 83 4 47 5 77

187 273 1 16 1 38 1 12

188 268 1 12 1 25 1 39

189 294 1 26 2 37 1.93

190 267 1 94 1 20 1 24

191 252 2.12 2.64 2 54

192 271 1 58 2 16 1 21

193 266 2 68 2 58 2 23

Average 273 1 99 2 31 2 25

Control 194 277 4 30 5 92 8 22

195 266 2 09 4 22 5 13

196 268 1 44 2 25 3 83

197 262 4 27 7 79 9 42

198 264 3 58 6 15 S 34

199 271 4 72 10 22 10 39

200 252 2 72 4 00 683
201 271 1 30 2 80 8 22

202 285 2 68 3 65 4 89

Average. • 268 3 01 5 21 7 25

lower than the values noted above for the animals receiving glycine

and much lower than those for the controls. A comparable

number of animals was usedm each group. Statistical evaluation

of these data is given in Table III*
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The most surprising results were found after the administration

of d-alanine. In comparison to a liver glycogen value of 1.14 per

cent after di-alanine, 2.15 per cent of glycogen was present after

feeding d-alanine, with none of the individual values as low as the

averages of the animals receiving dZ-alanine.

One would expect that, if the glycogen figinres are correct, d-ala-

mne should show a greater ketolytic ability than dZ-alanine. In

Table III are recorded the results of three experiments for 4 days

and for two animals on the 6th day. The number of tests is too

small to mean very much, but in 3 out of the 5 da37s the mean
acetone body output after the isomer is lower than the mean after

the racemic mixture.

Table V
Average Acetone Body Excretion of Female Rats Gm. per Sg.M. of Body
Surface) Receiving 1 S Mg, of Sodium Acetoacetate per Sg Cm per Day

and Either d-Alanine or dUAlanine

Twenty-seven experiments; nine animals for each day.

Substance fed

Acetone bodies
PB of
mean

M D /p B (m n

)

compared with

Mim-
mum

Maxi-
mum Mean (I) (H)

Control (I) ... ... 1 44 5 13 0 353

dZ-Alanme (II) 1 12 5 77 2 18 0 127 7 88

d-Alanine (III) .... 0 83 2 83 1 47 10.23 5 00

Since the results on d-alanine were too few to allow definite

conclusions, we felt it necessary to carry out an experiment with a

large group of animals. Such a study is reported in Table IV,

The averages for total acetone bodies, expressed in gm. per sq.m.

per day for the 3 days, are for d-alanine 1.41, 1.74, and 1.25 as

against 1.99, 2.31, and 2,25 for dZ-alanine, and koi, 5 21, and 7.25

for the control ammals. When compared statistically, taking the

total of mne animals for 3 days or a total of tw^'enty-seven experi-

ments, one finds, although the ketosis tends to become more severe

with each day, causing a great difference between maximum and
mmimum values, that the results are significant. The evaluation

is reported in Table V.

It win be noted that although the quantity of the alanines is

only one-half the amount fedm the experiments reported in Table
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III, the acetone body levels are lower. The animals used were

much younger and this probably explains the low results, both

after the alanines and with the control animals. However, since

litter mates were used throughout in each series of tests and all

experiments were run simultaneously, we believe these results to

be valid.

Although experiments have not been carried out on ?-alanine,

it seems reasonable to assume that the superior glycogenic and

ketolytic behavior of d- over d^-alanine is probably to be ascribed

to the fact that the dextro component alone is active. di-AIanine

therefore should be only half as effective as an equal amount of the

d isomer m glycogenic and ketolytic action.

In addition to the experimental data given in this paper to sub-

stantiate this statement, an analogy to the variability in the

behavior of the lactic acid offers further support. Mandel and

Lusk (11) reported a significant difference in the metabolism of

d- (sarco-) and dWactic acid. They believe that under phlorhizin

poisoning d-lactic acid may be completely converted into glucose.

However, when didactic acid was fed, only a partial conversion to

glucose occurred. They interpret their results as follows

:

“That under favorable conditions half or more of the lactic acid ingested

could be converted to dextrose, while the rest burned and reduced proteid

metabolism, suggested the idea that it might be possible that the 2- and
d- components behaved differently in the diabetic organism, the latter

being converted into dextrose and the former burning in part, and m part

being converted into dextrose.”

Although these experiments were carried out under phlorhizin,

Cori (12) has shown that such a difference holds in the normal

animal and that only the d- (sarco-) lactic acid is effective m glyco-

gen formation, while its isomer Wactic acid is devoid of this prop-

erty. These results have been confirmed by Shapiro (7), who
further showed that a similar variability held in their ketolytic

activity. The first compound was effective in causing acetone

bodies to be burned, while the latter one was not

One of the possible pathways for the metabolism of alanine

assumes a conversion to lactic acid. We believe this conversion of

d-alanine to d-lactic acid and Z-alanine to Hactic acid is the expla-

nation for the superior glycogenic property of d-alanine over that

of the racemic mixture. If this be true, it would rule out the
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possibility of pyruvic acid or any other substance, which would

cause a loss of asymmetry of the central carbon atom, being in the

pathway of metabolism. Otherwise, one alanine or one lactic acid

would be just as effective as its isomer.^

In comparison to the results one expects from glycine fed to an

animal under phlorhizin poisoning, in which this compound is

reported to go 100 per cent to ‘‘extra sugar** (1), these figures on

glycogen formation are rather difficult to explain We believe

these values indicate that one must use caution in interpreting the

results from phlorhizin experiments and that the use of phlor-

hizm gives a qualitative indication of what happens normally but

is entirely lacking m a quantitative aspect. Further, as Wilson

and Lewis (3) have pointed out, there are several factors which

may tend to reduce glycogen formation: first, the slower rate of

absorption, although this seems an unlikely factor, since absorp-

tion "was practically complete after 8 hours; second, the increased

specific dynamic action of glycine over alanine.

It is rather difficult to explain the discrepancy between our

results and those of Wilson and Lewis (3). The only valid expla-

nation IS that these investigators failed to separate their animals

as to sex. This might account for the differences in glycogen

levels as reported in the two papers

SUMaiART

1 Glycine has been shown to be definitely glycogenic. Further

proof of its conversion at least to a ketolytic material is afforded

by shovdng its effect on a ketonuria.

2. dIr-Alanine is very much superior to glycine, both as a glyco-

gen former and a ketolytic agent.

3 d-Alanine is approximately twice as effective as a glycogen

former as di-alanine and definitely superior to the latter compound
as a ketolytic agent

4 It is suggested that as far as glyeogemc properties are con-

1 Abderhaldea and Tetzner (13) have reported that when di-alanine was
administered either subcutaneously or orally only the d form was utilized,

with the I form failing to undergo metabolism As Dr G, G King has

suggested, this lack of utilization of the unnaturally occurring isomer is

possibly a question of enzymatic specificity and probably will hold with

all of the unphysiological isomers of the ammo acids
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cerned only the d-alanme is effective, wHle in the racemic mixture

the i-alauine seems to be very ineffective in this regard.
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It has been demonstrated repeatedly in the precedmg papers of

this senes that young rats fail to mamtain themselves upon diets

carrying a mixture of mneteen ammo acids in place of proteins.

On the other hand, the addition to such a ration of a concentrate

of the monoamino acids is followed immediately by growth.

These facts were mterpreted as proving that ^‘growth-promoting

proteins contam at least one essential dietary component other

than the twenty known amino acids^^ (Eose, 1931).

Hitherto we have referred to this substance as a smgle entity.

No conclusive proof was obtamed for its multiple nature, despite

numerous attempts to purify it by fractional crystallization of the

protem concentrates, fractional precipitation by various reagents

commonly employed in protein analyses, and fractional distillation

of the esters of the ammo acids (c/. Caldwell and Rose (1934)).

On the other hand, our suspicions have been aroused frequently

during the past 2 years by the fact that procedures which theo-

* Aided by grants from the Committee on Therapeutic Research, Coun-
cil on Pharmacy and Chemistry, American ]\Iedical Association; and from

the Graduate School Research Fund of the University of Illinois.

The data in this paper were presented in abstract before the American
Society of Biological Chemists at Detroit, April 11, 1935 (Rose, W. C,,

McCoy, R. H., Meyer, C. E., Carter, H. E
,
Womack, M., and Mertz,

Biol Chem
, 109, Ixxvii (1935)).

f The experimental data in this paper are taken from a thesis submitted

by Madelyn Womack in partial fulfilment of the requirements for the

degree of Doctor of Philosophy m Physiological Chemistry m the Graduate

School of the University of Illmois

275



276 Effect of Feeding Amino Acids. VII

retically should have effected a concentration of the unknown were

accompanied instead by a loss of activity. These observations

appeared to necessitate one of two conclusions, either that the

growth stimulant consisted of more than a single compound, and

that a partial separation had been accomplished by the procedures

employed; or that the substance, if a single entity, became less

stable when freed of some of its contaminants. If the latter

possibilitywere correct, autoxidation w^ould seem to be the simplest

explanation. Hence, a concentrate was prepared by a procedure

m which each step, as far as practicable, was carried out in an

atmosphere of mtrogen (Caldwell and Rose, unpublished data).

However, the crude material thus obtained showed no greater

growth-stimulating effect than similar fractions prepared in con-

tact with air.

Such was the baffling situation when the problem was reattacked

in the fall of 1934 In most of our earlier work the first step in

preparing the active material involved the exhaustive extraction

of a hydrolyzed protein with aqueous butyl alcohol. In order to

remove most of the growth stimulant from a 12 kilo lot of hydro-

lyzed protein, eighteen to twenty-two extractions wnth 30 to 40

liter portions of butyl alcohol are required. Experience has shown

that the amino acids recovered from the first few extracts manifest

much less gro'wth-stimulatmg action, per unit of weight, than do

those from the later extracts. This is due to the diluting effect of

the large quantities of very soluble amino acids w'hich pass into the

first few portions of butyl alcohol. Therefore, the material from

these early extracts is usually discarded The amino acids re-

covered from the later extracts are combined, and subjected to

methods designed to concentrate the unknown, to a greater extent.

Inasmuch as such large volumes of butyl alcohol are necessary

for the complete removal of the growrth stimulant, the possibility

occurred to us that one or two reextractions of an aqueous solu-

tion of the ammo acids recovered from the later butyl alcohol

extracts might accomplish a concentration of the unknown, if it

were a smgle entity, or effect a separation of the two components,

if the active material possessed a dual nature. The success of this

simple procedure exceeded our expectations Not only did it

accomplish a division of the crude material into twn fractions,

neither of w^hich, without the other, sufflced to render the diet
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satisfactory; but it led promptly to the identification of both
growth-limiting factors. The methods employed and the identity

of the component showing the greater solubility in butyl alcohol

are discussed below.

EXPEBIMENTAL

In most of our investigations casein has been employed in the

preparation of the active fractions 2 years ago the supplementing

action of about twenty proteins was investigated by incorporating

them in the diet, one at a time, in 5 per cent concentration, m place

of an equivalent quantity of the amino acid mixture (Halmbacher

and Rose, and Behrens and Rose, unpublished data). Of the

proteins tested, blood fibrm proved to be the most effective. At
that time, we were under the impression that our basal diet was

deficient in only one substance. The existence of two types of

deficiency obviously invalidates these tests, and necessitates their

repetition. They are mentioned here because of the fact that

fibrin was used in this and other of our later investigations.

The preparation of the two active fractions was carried out as

follows; 12 kilos of crude, dry fibrin^ were ground in a mill, and

extracted with ether. After removal of the ether, the protein w^as

hydrolyzed with sulfuric acid in the usual manner (Berg and Rose,

1929), and the acid was quantitatively removed by the addition of

barium hydroxide The filtrate and washmgs from the precipi-

tate of barium sulfate were combined and concentrated in vacuo

to a volume of about 14 liters. On standing, 1560 gm of the less

soluble ammo acids precipitated and were discarded. The solu-

tion was then extracted twenty-two times with 30 liter portions of

butyl alcohol. The extractions were carried out at room tempera-

ture in large crocks in which the mixtures were violently agitated

by tw’o motor-driven stirrers operatmgm opposite directions. The
amino acids from Extracts 1 to 5 (537 gm.) w^ere discarded, inas-

much as they showed little growth-stimulating effect. The mate-

rial recovered from Extracts 6 to 22 (666 gm.) was dissolved m 4

liters of water, and reextracted twice with 5 and 6 liter portions,

respectively, of butyl alcohol. For this purpose the mixtures were

vigorously agitated on a shaking machine. The first reextraction

^ We are indebted to Dr David Klein of The W^ilson Laboratorie«i for

supplying a large amount of blood fibrin for these studies
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was carried out for half an hour, and yielded 20.8 gm. of butyl

alcohol-soluble material. The second reextraction was continued

for 1 hour. From the butyl alcohol layer 53.6 gm. of ammo acids

were obtained.

In order to concentrate further the material in the water solu-

tion, the latter was evaporated in vacuo to a small volume. The
amino acids which precipitated were removed and recrystallized

from water. A fraction of 105 gm. was thus obtained and dis-

carded. The combined filtrates were then treated with an excess

of basic copper carbonate, and the nuxture was heated for a short

time on a steam cone On coolmg, the insoluble copper salts

separated and, together with the excess copper carbonate, were

removed by filtration. To the filtrate 25 gm. of basic copper

carbonate were added, and the whole w^as evaporated to dryness

in vacuo. The residue was treated with 1 liter of hot water,

thoroughly shaken, concentrated in vacuo, and allowed to stand

overnight in an ice box. On filtering, 85.5 gm. of insoluble copper

salts were removed. All of the water-msoluble copper salts were

discarded, inasmuch as CaldweU and Rose (1934) have shown

that they carry no growth-stimulating material.

Finally, the water-soluble copper saltsweretreatedwithhydrogen

sulfide and filtered. The solution of free amino acids was con-

centrated in vamo, transferred to an evaporating dish, and dried

in a vacuum oven. Thus, three fractions of amino acids were

recovered from the 666 gm. of material present in the original butyl

alcohol Extracts 6 to 22 inclusive; namely, 20.8 gm from the first

reextraetion with butyl alcohol, 53.6 gm. from the second reextrac-

tion, and 300 gm. from the water-soluble copper salts of the

aqueous layer.

Prehminary growth experiments showed that none of the

three preparations, when added singly to the basal diet, exerted

more than a very slight growth-stimulating effect. Therefore,

the three possible combinations carrymg two fractions each vrere

tested. The results demonstrated conclusively that a separation

of the butyl alcohol-soluble material into two active fractions had

been accomplished. The material obtained from the first butyl

alcohol reextraction contained most of one factor with minute

traces of the second, while the material recovered from the water-

soluble copper salts carried most of the other factor contaminated
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witli small amounts of the first. Evidently, one substance is quite

soluble in butyl alcohol under the conditions described. This was
temporarily designated as Unknown I, The second is removed
very slowly from its aqueous solution by extraction with butyl

alcohol. This was temporarily designated as Unknown II.

In view of the results of the preliminary trials, more extended

feeding tests were conducted. The composition of the diet

employed is shown in Table I, The “supplement” consisted of 4

Table I

Compositton of Diet*

Amino acid Mixture It ...
Supplement
Methionine (dl-)

Glucosamine hydrochloride (d-)

Sodium bicarbonate .

Dextrin . ,

Sucrose ... . .

Salt mixturet . .

Agar . ...
Lard , .

Cod liver oil

The diet contained 21 per cent of ''effective” amino acids including

glucosamine. The vitamin B factors were supplied in the form of two
pills daily, each containing 75 mg. of milk concentrate and 50 mg. of tiki-

tiki extract

t For the composition of this mixture, see the paper of Rose (1931).

X Osborne and Mendel (1919).

per cent of the preparation of Unknown I or Unknown II, or

2 per cent each of Unknowns I and II. In Table II are recorded

the total gains in weight and the total food intakes of the arumals.

Inasmuch as the preparations were extremely crude, subnormal

growth was manifested by all of the ammals. However, the

gains made by the rats which received both preparations are

strikingly better than are the growth accomplishments of the

ammals w'hich received only one fraction without the other.
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These differences 'provide the first convincing proof of the dual nature

of the unknown.

It occurred to us immediately that one of the factors in question

might be a knovm amino acid which was not present in sufficient

amounts in our basal ration. Early in our attempts to induce

growth in rats upon mixtures of purified amino acids, we system-

atically investigated the relation of each of the recognized protein

components to the nutritive inadequacy of our standard amino

acid mixture (Mixture I (Rose, 1931)). At that time we satisfied

ourselves that no single amino acid sufficed to account for the

growth failure of our experimental animals. A number of combi-

Table II

Growth-Stimulating Action of Unknowns 1 and II

The experiments covered 24 days

Rat No. and sex Crude supplement Total gam in
weight Total food intake

gm gm

2193 c?« 4% Unknown I 3 54

2194c? 2 43

21959 0 54

2190c? 4% Unknown II 12 66

2191c? 15 80

21929 12 81

2196c? 2% Unknown I and 2% 34 110

2197c? Unknown II 29 92

2198 9 30 101

2199c? 36 114

nations, consisting of two or three of the amino acids which we
regarded as the most probable limiting factors, were also tested as

supplements to our amino acid mixture; but these likewise failed

to improve the quahty of the diet. For this reason, we did not

hesitate to predict the presencem proteins of at least one unrecog-

nized component. On the other hand, it does not follow that

when the latter is mcluded in the food, further improvement in

quahty may not be induced by increasing the proportion of some

known amino acid.

After separating the twn limiting factors as outlined above, we
tested the effect of replacing Unknown I by several amino acids
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found to be present in many of our active fractions. It 'was

observed promptly that only isoleucine was capable of inducing

growth when Unkno'wn II wras included in the ration. Thus the

factor temporarily designated as Unknown 1 is undoubtedly iso-

leucine. A number of growth experiments proving this fact were

conducted, but, masmuch as they w^ere of short duration, they are

not reproduced here. Throughout our isolation experiments we
we have been compelled to rely upon short feeding trials in order to

conserve amino acids and to economize in the use of the protein

concentrates being tested. However, experience has served to

demonstrate that short tests of this sort are thoroughly trust-

worthy. The response of young rats upon our basal diet to the

admimstration of a missing amino acid is truly remarkable.

Frequently, the animals gain several gm. overnight. Such tests

are continued ordinarily for 4, 8, or 10 days, depending upon the

observed acceleration in growth rate. In the case in question, the

inclusion of 1 per cent of isoleucine m the diet of rats receiving

ammo acid Mixture I and Unknown II, in addition to the other

components of a well balanced ration, immediately induced gains

in weight of 2 to 3 gm. per day. Similar results W’'ere obtained

simultaneously by McCoy and Rose (unpublished data).

Finally, an explanation is in order for the imexpected isoleucine

deficiency of our ammo acid Mixture I. As already pointed out

(Rose, 1931), this mixture was formulated to imitate the composi-

tion of casein in so far as the best available analyses of this protem

permitted. No rehable information is to be found in the literature

regarding the isoleucine content of proteins. It is wrell known,

how^ever, that natural leucme contams more or less isoleucine, and

perhaps some norleucine In the case of casein, 9.7 per cent is the

generally accepted value for the leucine content, mcluding the

unknown quantity of isoleucme. Hence in preparing our amino

acid mixture we reduced the quantity of natural leucine to 9 per

cent, and added 2.5 gm. each of di-isoleucine and dl-norleucme

At the time, we stated that these values represented “little more

than guesses’' (Rose
,
1931). Thus, in so far as one could predict,

Mixture I provided a sufficient quantity of each of the leuemes.

Furthermore, experiments showed that additional quantities of

isoleucine, without the concentrates of the unknowm essential,

failed to improve growth; but the addition of crude preparations



282 Effect of Feeding Amino Acids. VII

of the uritnown, without added isoleucine, was followed imme-
diately by increases in the weights of the experimental animals.

Under the circumstances, the only way m which an isoleucme

deficiency could be demonstrated was by separating the active

concentrates into two fractions, and proving that in one isoleucme

was the essential component. This has now been accomplished.

Failure to recogmze earlier the importance of isoleucine as a con-

stituent of the growth-stimulating fractions delayed the identifica-

tion of Unknown II for at least 2 years. It is an odd fact that in

the meantime, by the use of mixtures of purified ammo acids sup-

plemented with active concentrates of protems, we had demon-

strated the essential nature of both leucine and isoleucine (Womack
and Rose, 1934). These data will be reported in full in a later

paper.

SUMMARY

Evidence has been presented demonstrating that the “unknown
growth essential'' referred to in the earher papers of this series is

composed of two factors. These have now been separated by their

solubility difference in aqueous butyl alcohol. The more soluble

component has been identified as isoleucine. The recogmtion of

this fact has greatly facilitated the isolation and identification of

the second growth essential.
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Having demonstrated in Paper VII that our so called “growth

essentiaF^ consists of two components, one of which is iso-

leucine, we next directed our efforts toward the isolation and
identification of the other factor (temporarily denoted as Unknown
II) . By increasing the isoleucine content of our basal diet we were

able to follow the concentration of UnknoiJVTi II, by determining

the growth-stimulating action of each fraction. In doing so no

apparent disappearance of activity was observed as purity was

approached, such as occurred so frequently in our earlier mvestiga-

tions when inadequate quantities of isoleucine were present in the

food.

The experiments led to the isolation of Unknown II in pure form,

and its identification. The methods employed and the evidence

for the structure of the compound are described below.
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University of Illinois.
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EXPEBIMENTAIi

Composition of the Ammo Acid Mtxiure—^At the beginning, it

became necessary to modify the composition of the ajxono acid

mixture used m the basal diets. The amount of dWsoleucine tv as

raised from 2 5 gm. to 8 0 gm At the same time, the proportions

of glycine, hydroxyproline, and serine were also increased. No
conclusive evidence exists for the indispensable nature of either of

these protein components. However, the quantities present in

Mixture I were quite low. In order to avoid the possibility of

another deficiency involving one or more of these acids, the amount
of each was increased The proportions of the other amino acids

were kept at the levels present in Mixture I, with the exception of

methionine. The latter was included in the new mixture (Mixture

XII) instead of being added separately to the diet as in our former

experiments.

The composition of Mixture XII is shown in Table 1. For

purposes of comparison, the make-up of Mixture I and the sup-

posed composition of casein are presented also. As will be observed,

seven of the amino acids in Mixture XII are synthetic products.

As in the past, hydroxyglutaroic acid is not included. The
remaining acids were preparedm this laboratory from their natural

sources. All were thoroughly purified and analyzed before being

used.

Isolation of Unknown II—^For the isolation of the growth essen-

tial, procedures were employed similar to those wrhich have been

used repeatedly m this laboratory for the preparation of active

fractions of proteins. The concentrates thus obtained were

further purified by treatment with phosphotungstic acid under

suitable conditions, and the amino acids from the soluble phospho-

tungstates were fractionally crystallized from aqueous alcohol

solutions.

In the preparation of the pure compound, 12 kilos of commercial

fibrm were hydrolyzed with sulfuric acid in the usual manner

(Berg and Rose, 1929). After removal of the sulfuric acid the

solution w’as concentrated in vacuo, and cooled. The less soluble

amino acids which separated (2650 gm.) -were filtered off. The
amino acids in the filtrate were converted to their copper salts

by heating with an excess of basic copper carbonate, and the

solution was concentrated in vacuo. Several fractions of the less
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Table I

Composition of Amino Add Mixtures

Casein

!

Mixture 1 Mixture XII

Active
amino
acids

As used
.Active
ammo
acids

As used.

gm gm gm gm gm

Glycine 0 45 0 60 0 50 3 00 3 00

Alanine- 1 85 1 90 3 80* 1 90 3 80*

Valine . . 7 93 800 16 00* 800 16 00*

Leucine 9 70t 900 9 00 900 9 00

Isoleucine ?
1

1 25 2 60* 400 8 OO*

Norleucine . ... ? 1 25 2 50* 1 25 2 60*

Proline . 7 63 8 00 8 00 800 800
Hydroxyproline 0 23 0 30 0 30 2 00 200
Phenylalanme 3 88 3 90 7 80* 3 90 7 SO*

Glutamic acid 21 77 22 00 22 00 22 00 22 00

Hydroxyglutamic acid 10 50 0 0 0 0

Aspartic acid 4 10 4,10
,

4 10 4 10 4 10

Serine . ... 0 50 0 60 1 00* 1.50 3 00*

Tyrosine 4 50 6 50 6 60 6.50 6 50

Cystme , ? 1 25 1 25 1 25 1 25

Histidine 2 50 2 75 2 75

“ hydrochloride 340 340
Arginine 3 81 5 25 5 25

“ hydrochloride 6 35 6 35

Lysine .. 7 62
1

7 70 7 70
“ dihydrochloride. 11 55 11 55

Tryptophane 1 50 2 25 2 25 2 25 2 25

Methionine . 3 60t § 1 75 3 60*

Sodium bicarbonate -

.

12 86 12 86

91 97 86 40 121 66|| 96 10 136 86^

* Racemic acids

t Includes isoleucine,

t Baernstein (1934).

§ 0.6 per cent dZ-methionine added directly to the diet.

II
1 408 gm, of Mixture I are eqmvalent to 1.0 gm of ‘^effective” amino

acids.

% 1,424 gm of Mixture XII are equivalent to 1,0 gm. of “effective*'

ammo acids.

soluble copper salts (totaling 1365 gm.) were removed. From the

filtrate the copper was precipitated with hydrogen sulfide, and the

resulting solution was concentrated ^n vacuo to a volume of 7 liters.
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The above solution was extracted seventeen times with 40 liter

portions of butyl alcohol, as described in Paper VII. Each
extract was concentrated to approximately one-third of its original

volume, cooled for 12 hours, and filtered. The amino acids

recovered from each extract were W’^ashed several times with dry

butyl alcohol. Extracts 1 to 3 mclusive (246 gm.) were discarded.

Extract 14 was employed as a crude source of Unknown II in

certain preliminary tests. The remaining material (Extracts 4 to

13 and 15 to 17 inclusive), amounting to 324 gm., was suspended

m 1300 ec. of water and thoroughly nuxed. 5.8 gm. which failed

to dissolve were filtered off and discarded The solution was then

reextracted three times with 1.5 liter portions of butyl alcohol, and

once with 5 liters of the solvent. The combined material recovered

from the four extracts amounted to 56.4 gm. Growth tests showed

that it was practically devoid of activity; hence it was discarded.

The amino acids m the aqueous solution amounted to about 262

gm. (by difference).

At this point, a large part of the aqueous solution w^as used in a

number of unsuccessful attempts to effect a concentration of the

unknown. Inasmuch as the measures employed were not satis-

factory, they need not be described.

Of the remaining amino acids from the aqueous solution, 123

gm. were dissolved in 500 cc. of 5 per cent sulfuric acid, and treated

with a large excess of phosphotungstic acid in 5 per cent sulfuric

acid. The mixture was allow^ed to stand at room temperature for

18 hours and filtered. The precipitate was washed thoroughly

with a cold solution of phosphotungstic acid in 6 per cent sulfuric

acid. The combined filtrate and w^ashings were evaporated

vacuo until the sulfuric acid had attained a concentration of

approximately 12 per cent. After standmg at 0® for 48 hours a

very granular precipitate (86 gm ), contaioing no active material,

w’'as removed by filtration and discarded. Levene and Van Slyke

(1913-14) have shown that the phosphotungstates of glycine,

alanine, and valine are only moderately soluble under these con-

ditions. Their observation provided a means of removmg these

amino acids w^hich, with isoleucine, have been recognized for some

time as the chief contaminants of our grow’th essential.

From the filtrate, the phosphotungstic and sulfuric acids were

removed by the addition of an excess of barium hydroxide. The
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precipitate was thoroughly "wahhed, and the filtrate and washing*^

were freed of baniim by the cautious addition of sulfuric acid

The almost colorless solution w’as concentrated ?n vacuo to a

volume of about 175 cc
,
and placed in a refiigerator overnight

8 6 gm of crystalline material separated, which showed practically

no gro'wth-stimulating effect The filtrate "was then subjected to

repeated fractional precipitations \vith ethyl alcohol These need

not be described in detail The number of precipitations and

recrystalhzations necessary depends upon the degree of purity of the

growth essential w’hen the alcohol treatments are begun It is

noteworthy, how’ever, that the first sign of approaching purity of

the compound is the separation of microscopic needle-shaped

crystals, usually in rosettes. They are somew'hat like tyrosine in

appearance (Fig. 1), but do not respond to tyrosme tests After

a number of additional recrystallizatioiis, the pure compound

gradually appearsm the form of beautiful hexagonal plates (Fig 2)

.

These crystals, w'hich are not unlike those of serme, are charac-

teristic of the new grow^th essential In our experience, only

the hexagonal crystals give correct results on analysis, or mani-

fest the maximum nutritional action As the purity of the

compound increases, the concentration of alcohol necessary to

induce crystallization dimimshes. A concentration of about 40 vol-

umes per cent is quite satisfactory for the later crystallizations

The :yneld of the pure compound obtained by the above method,

after all of the mother liquors had been rew^orked, amounted to 4.5

gm. from the 123 gm. of crude material subjected to the phospho-

tungstic acid tieatment This is equivalent to about 0 8 gm per

lalo of fibrin

A second isolation of the grow^th essential was brought to a

successful conclusion a few^ days after the first. Since then the

compound has been prepared a number of trnies by various modifi-

cations of the general procedure outlined above. Some of these

methods wnll be discussed in later papers How’ever, no procedure

has been found wdiicli is not exceedingly laborious, and w’hich does

not involve a considerable numbei of i ecrystalhzations after the

Mibstance has been freed of a large proportion of its contaminants

Apparently, the compound is intimately associated wuth some

other mateiial wdnch is very difficult to remove Fuitherniore,

our yields undoubted!j'' repiesent a very small part of tlie amount
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actually present in proteins. Possibly an 80 to 90 per cent loss

may occur during the isolation. Efforts are now being made to

improve the procedure, with the expectation that within a few

months a more abundant supply of the compound may be

available

Growth Effect of the Pure Compound—Throughout the process of

isolation, the various fractions vrere tested for their grQwd:h<-stimu*-

latmg action. When the hexagonal plates were obtained, and

shown to be of constant composition, it became necessary to

demonstrate that they exerted the expected physiological effect.

For this purpose, the compound was incorporated m the food of

rats, first at levels of 0 4 and 0.5 per cent respectively. After 16

days, the amount of the supplement was increased m all animals,

except the controls, to 0,6 per cent. These varying proportions

were employed in order to determine the approximate quantity of

the substance necessary to induce maximum growth

The composition of the diets is shown in Table IL Diet 40

was devoid of the new essential. Diets 41, 42, and 43 earned the

supplement in the amounts indicated Each ration furnished 18

per cent of ^‘effective’' ammo acids including glucosamme. The
vitamin B factors were supplied in the form of two pills daily, each

containing 50 mg. of tikitiki extract and 76 mg. of milk concentrate.

The daily intake of nitrogen from these sources amounted to

approximately 4 mg., and was the only mtrogen of unknown kind.

The results of the feedmg trials are shown in Chart I In Table

III are recorded the total change in weight and total food mtake of

each rat. The data demonstrate conclusively that the crystalline

compound is the new essential we have been endeavoring to isolate for

several years. Furthermore^ the experiments recorded in Chart I

represent the first successful efforts to induce growth in animats upon

diets carrying synthetic mixtures of highly purified amino acids in

place of proteins. Because of the necessity of conserving our

limited supply of the new essential for studies of its chemical

structure, few animals were employed in the growth studies.

However, the results are so clear cut as to leave no doubt as to

their significance. Furthermore, the data presented in Chart I

have been confirmed repeatedly in connection with other investiga-

tions, the results of which w^ill be presented in subsequent papers.

It is evident from Chart I that 0.4 per cent of the new essential
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did not permit as rapid increase in weight as did 0.5 per cent.

When the quantity was raised to 0.6 per cent, the animals receiving

the lower level showed a pronounced improvement in grow^th. On
the other hand, those receiving 0 5 per cent mamfested very little

growth acceleration Evidently, 0 6 per cent is approximately

the mimmum amount w^hich must be m the food m order to induce

maximum groTvth in rats. It is to be noted also that hydroxyglu-

Table II

Composition of Diets*

Diet 40 Diet 41 Diet 42 Diet 43

gm gm gm gm

Amino acid Mixture XII 24 45 23 88 23 74 23 60

Glucosamme hydrochloride (d-) 1 00 1 00 1 00 1 00

Sodium bicarbonate 0 40 0 40 0 40 0 40

Dextrin 22 15 22 32 22 36 22 40

Sucrose 15 00 15 00 15 00 15 00

Salt mixture! 4 00 4 00 4 00 4 00

Agar, . 200 2 00 2 00 2 00

Lard . . 26 00 26 00 26 00 26 00

Cod liver oil ... .
.

j

500 5 00 5 00 5 00

New growth essential 0 0 40 0 50

* Each diet contained 18 per cent of “effective” ammo acids, including

glucosamine The vitamin B factors were supplied in the form of two

pills daily, each containing 50 mg. of tikitiki extract and 75 mg of milk

concentrate. The daily intake of nitrogen from these sources amounted

to approximately 4 mg
t Osborne and Mendel (1919)

ta7mc acid and citrulline are dispensable components of the food,

inasmuch as neither of these ammo acids was available to the animals.

Physical and Chemical Properties of the New Essential—In Table

IV are summarized the results of analyses of several different

preparations of the compound. The specific rotation of each is

also given. As w^ill be observed, the analytical data agree with

the calculated values for a compound havmg the empirical for-

mula, G4H9NO3 Previously, McCoy and Rose (c/. Caldwell and

Rose (1934), p, 71) have showm that the ethyl and butyl esters of

the growth essential can be distilled, but without increase m the
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Chart I The numbers in parentheses denote the initial and final weights

of the rats.
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potency of the fractions, and that treatment of concentrates with

nitrous acid destroys the growth-stimulating action. These facts

Table III

Total Changes in Body Weight and Total Food Intakes of Animals on BieU
Containing Purified Ammo Adds

Bat No and sex
«-Ainino-/3-

hydroxybutyric
acid

Days Total change
in weight

Total food
intake

per cent gm gm

22800? 0 5 16 +24 64

0 6 8 +14 34

2279cf 0 6 16 +24 66

0 6 8 +16 38

2278c? 0 4 16 +20 65

0 6 8 +19 38

2277d’ 0 4 16 +17 65

0 6 S +19 37

2276c? Control 24 -13 38

22769 tt 24 -14 39

Table IV

Analyses of New Growth Essential

Preparation No c H N
0

(by dif-

ference)
[aln t

percent per cent per cent per cent degrees

1* 7 59 11 76 40 15 -27 53 26

2 40 60 7 65 11 67 40 08 25

3 40 41 7 60 11 78 -28 23 25

4 40 18 7 66 11 71 40 45 -27 51 27

5 11 80 -27 83 25

6 11 84 -28 03 22

Calculated for C4H9NO3 40 31 7 62 11 76 40 31

* This product was isolated in March, 1934. It was not recognized as

the growth essential because of the isoleucine deficiency in our basal diet

Its inclusion in the food failed to improve growth until amino acid Mix-

ture XII was substituted for Mixture I almost a year later.

pointed to the probability that the compound was one of the

possible hydroxyammobutyric acids. This was further indicated

by a determmation of the molecular w^eight of the crystalline mate-
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rial in aqueous solution by the cryoscopic method. The result

was as follows:

C4HaN08 Theoretical mol. wt
, 119.1; found, 117.3

The compound gives a strong mnhydrin reaction, and responds

to the biuret test, as do several hydroxyamino acids, including

serine. By the Van Slyke method all preparations yield high

values for amino nitrogen. Determination of the melting point

showed decomposition over a wide range of temperatures. Dark-

ening usually begins at about 210®, and the substance melts with

decomposition at about 255“257®.

Several derivatives were prepared as outlmed below.

Copper Salt—0.45 gm. of the pure crystallme material was dis-

solved in 8 cc. of "water and treated with an excess of basic copper

carbonate. The solution was boiled for a short time and filtered.

The filtrate was evaporated to a small volume and agam filtered.

The resulting solution was placed in a vacuum desiccator over

phosphorus pentoxide. In a short time beautiful rectangular

plates appeared, which "were removed by filtration and washed with

a small amount of cold water. The crystals were ground in an

agate mortar, and dried thoroughly in an Abderhalden dryer.

Analysis yielded the following values.

(C4H8NOa)2Cu Calculated. C 32 03, H 5 38, N 9 35, Cu 21.21

Found. “3191, “ 5 45, “ 9 42, “ 20 87

Theoretical mol. wt
,
299 7; calculated from Cu content, 304 6

Theoretical equivalent weight, 1181; calculated from Cu content, 120.0

Benzoyl Derivative—^The N-benzoyl derivative was prepared

according to the procedure of Sorensen and Andersen (1908). For

this purpose, 1 gm. of the ammo acid w^as dissolved in 5,7 cc. of

water and 4.32 cc. of 3.12 n sodium hydroxide. 4 cc. of benzoyl

chloride and 22 cc. of 3.12 n sodium hydroxide were added in ten

equal portions at intervals of 5 to 10 minutes. The solution was

kept cold during these additions. When the reaction vras com-

plete, the solution w^as acidified with 10 cc. of dilute hydrochloric

acid, and filtered for the removal of the precipitated benzoic acid

The filtrate was evaporated to drynessm vacuo, and the residue was

taken up in water and again evaporated to dr^mess. This process

was repeated twice vath absolute alcohol instead of water. The

THE JOUSNAL OF BIOLOGICAL CHBMISTBr, TOL 112, NO. 1
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dry material, consisting of a mixture of sodium chloride and the

derivative, vras extracted several times with small portions of hot

absolute alcohol. The combined extracts were then taken to

dryness t7i vacuo, and the residue was crystallized twice from very

small amounts of absolute alcohol. The crystals thus obtained

were very thin rectangular plates which melted at 151° (uncor-

rected). Analysis of the crystals yielded the following results.

G11H13NO4 Calculated, N 6 28; found, N 6.20

An attempt w^as made to transform the monobenzoyl into the

dibenzoyl derivative by the method of Sorensen and Andersen

(1908), but thus far the product has not been obtained in crystal-

line form.

Picraie—On several occasions we have stated that the growth

essential does not yield an insoluble picrate (c/. Caldwell and Rose

(1934)). Invariably we have found this to be true when the test

was applied to active fractions of proteins. With the pure amino

acid, however, we have succeeded in preparing a crystalline picrate.

Even under these conditions the derivative is extremely soluble and

difficult to crystallize.

For the formation of the picrate, 0 2 gm. of the amino acid w^as

dissolved in 2 cc. of w^ater, and treated with 0 39 gm. of picric acid

in 1 cc. of alcohol. Upon slow evaporation a resmous material

resulted. This w^as dissolved in a few^ drops of water and treated

with a few drops of ethyl acetate. After gradual concentration,

crystals were obtained which were recrystallized m the same
fashion. The resulting picrate melted at 139 5-141°. The
followring values wrere obtained on analysis.

CioRijN40 io. Calculated. C 34 47, H 3 47, N 16 10

Found “ 34.90, “ 3 58, “ 16 28

Attempts w'ere made to prepare other derivatives of the amino

acid, particularly the formyl and acetyl compounds, but without

success. It should be noted, howrever, that very small quantities

of the amino acid were available for these purposes. When better

methods are devised for the isolation of the compound, a number

of other derivatives will be made.

Identificahon of the Amino A(yid—^The evidence outlined above

convmced us that we w^ere dealing with one of the hydroxyamino-
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but3^ic acids. It is obvious that twenty such compounds may
exist if one takes into consideration both the structural and optical

isomers In deteripining the constitution of the acid, the position

of the amino group was first established by reducing the hydroxy-

amino acid to the corresponding amino acid. The reduction was
earned out by a procedure similar to that employed by Abder-

halden and Heyns (1934). For this purpose, a mixture of 1 gm.

of the hydroxyamino acid, 0 3 gm. of red phosphorus, and 12 cc. of

hydriodic acid (sp gr. 1 96) was heated in a sealed tube at 160® for

5| hours. After cooling, the contents of the tube were diluted

with about 300 cc. of water, and evaporated to dryness m vacuo.

The residue was taken up in water, and treated vrith an excess of

moist silver oxide. The silver iodide and excess silver oxide were

filtered off The filtrate was treated with hydrogen sulfide for the

removal of the last of the silver ions, and after being filtered agam,

was concentrated in vacuo to a volume of about 5 cc. On dilutmg

to 12 cc and addmg 17 cc. of absolute alcohol, a crystalline precipi-

tate formed and was filtered off. The latter was recrystallized

from 3 cc. of water and 2 cc. of absolute alcohol. The crystals

consisted of thin hexagonal plates having the following com-

position.

CJEgNOa. Calculated C 46.57, H 8 80, N 13 59

Found. ** 46 65, » 8.62, 13 53

When the crystals were dissolved in water, the solution showed

a slight but unmistakable dextroxotedioa, m contrast to the unre-

duced acid which manifests a strong Zmrotation. Unfortunatel}^,

it was not possible to determine accurately the specific rotation

of the reduced product because of the small amount of material

available. It is of importance to note, however, that according

to Oikawa (1926) naturally occurring a-amino-n-butyric acid has a

specific rotation of +8.05®. Fischer and Mouneyrat (1900)

report specific rotations of +8 0® and —7.92® respectively for the

two enantiomorphs prepared by the resolution of synthetic a-ami-

nobutyric acid. Evidently, considerable racemization occurred

during the reduction of our hydroxyamino acid, but the inversion

of the direction of rotation is quite significant.

The melting point of the reduced material varied from 277-304®,

depending upon the speed w'ith which the bath was heated. For
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purposes of comparison, three products of entirely different origin

were melted simultaneously in the same bath 'vvutb rather rapid

heating. These were (a) the reduction product prepared from the

natural hydroxyaminobutync acid, (6) dZ-a-ammo-Ti-butync acid

(Eastman), and (c) a product obtained by reducing synthetic

a-ammo-i!5-hydroxybutyric acid. In each case the compound
melted with decomposition. The results are tabulated below.

“C

Reduction product from natural acid . , . . 297 (Corrected)

dZ-a-Aminobutyric acid (Eastman) . 299 “

Reduction product from synthetic a-ammo-iS-

hydroxybutyric acid 298 “

In a similar fashion the melting points of our reduction product

and oj-ammoisobutyric acid (Eastman) wrere compared simulta-

neously. With slow heatingm the same bath the following values

were obtained.

-a

Reduction product from natural acid 280 (Corrected)

«-Aminoisobutyric acid . . . . 319-320 “

Obviously, the reduced material is not identical with a-aminoiso-

butyric acid. The latter is also excluded by the fact that it is

inactive toward polarized light. The other possible products

which might have been obtained by the reduction of the new amino

acid are jS-ammo-n-butyric acid, -y-amino-TZrbutyric acid, and

jS-aminoisobutyric acid. The first of these is excluded, inasmuch

as the synthetic compound melts at 191-192° (Abderhalden, 1924).

7-Ainino-n-butyric acid melts at 203° (Abderhalden, 1924), and

m contrast to our reduced material is mactive toward polarized

light. Apparently, no information is recorded in the literature

regarding the melting pomt of /3-aminoisobutyric acid. According

to Abderhalden and He3Tis (1934), j3-amino acids do not give the

ninhydnn reaction. We have confirmed Abderhalden^s statement

with respect to one such acid, namely, ^-ammo-n-valeric acid.^

Our reduction product, ho-wever, gives an intense response to the

ninhydrin test. In any event, the identical melting points, wdthin

the hmits of experimental error, of our reduced product and

^ We are indebted to Dr. H. D. Dakin for the sample of /?-aminovaleric

acid.
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synthetic ceaminobutyrie acid leave no doubt that the two com-
pounds are the same. Furthermore, Oikawa (1925) reports a
meltmg point of 301® (closed tube) for his natural d-o-aminobutyric

acid. Thus the spatial configuration of the groups around the

a-carbon atom of our hydroxyammobutyric acid is probably

identical with that which exists in natural «-aminobutyric acid.

Having shown that the hydroxyammobutyric acid of proteins

yields d-a-ainino-?i-butyric acid on reduction, the position of the

hydroxyl group obviously is limited to either the or 7 position.

Fischer and Blumenthal (1907) and Sorensen and Andersen (1908)

have synthesized o:-alnino-7-hydroxy-?^-buty^ic acid. The latter

investigators found that the monobenzoyl derivative of this com-

pound readily yields the corresponding lactone, as would be

expected, when warmed in acid solution. Under similar condi-

tions, the monobenzoyl derivative of our hydroxyammobutyric

acid does not yield a lactone This would appear to exclude the

possibility of the hydroxyl group in our ammo acid being in the

7 position. In order to verify this conclusion, a-amino-7-hydroxy-

n-butyric acid was synthesized by a modification of the method of

Fischer and Blumenthal (1907), and tested for its growth effect

upon animals.

The synthesis was carried out as follow^s: 248 gm. of methyl-

cellosolve were dissolved in 615 gm. of diethylanaline in a three-

necked flask equipped with a mechamcal stirrer and droppmg

funnel. Through the latter, 570 gm. of thionyl chloride dissolved

in 400 cc. of chloroform were added slowly, the temperature of the

mixture being kept below 25®. The whole vras allowed to stand

at room temperature overmght, and then heated for 30 minutes

on a steam bath. After cooling, the solution was poured into 2

liters of dilute hydrochloric acid containing crushed ice. The
chloroform and aqueous layer were separated, and the latter was

extracted twice with additional portions of chloroform The
combined chloroform solutions were washed three times with

dilute hydrochloric acid for the removal of the diethylanaline, and

finally wuth a very dilute solution of sodium bicarbonate. The
chloroform w^as separated from the methoxyethyl chloride by
fractional distillation 164.6 gm. of the latter were obtained,

havmg a boiling point of 89-90®.

The methoxyethyl chloride was condensed with sodium malonic
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ester according to the procedure of Palomaa and Eenetti (1931).

The yield of methoxyethyl malonic ester amounted to 32 per cent

of the theory. The density of the ester at 20® was 1.0395 as

compared with 1 0397 reported by Palomaa and Kenetti. The
refractive index was = 1 4268.

The ester was saponified by refluxing for 10 hours with 10 vol-

umes of 95 per cent alcohol containing 4 moles of potassium

hydroxide. The alcohol was removed by evaporation on a steam

bath, and the residue was dissolved in iced, dilute hydrochloric

acid The methoxyethyl malonic acid was removed by extraction

with 20 portions of ether, the ether was evaporated, and the residue

was dried in a vacuum desiccator over phosphorus pentoxide.

The solid was then dissolved in 600 cc. of dry ether, and treated

with 80 gm. of bromine added dropwise with stirring. The flask

was cooled occasionally as required. When the reaction was

complete, the excess bromine was removed by shakmg the contents

of the flask with a dilute solution of sodium bisulfite. The ethereal

solution was dried with anhydrous sodium sulfate, and transferred

to a distillation flask. After the ether had been removed, the

temperature was raised to 160® in order to decompose the substi-

tuted malonic acid. This was accomplished in about 10 minutes.

The a-bromo-7-methoxybutyric acid was distilled m vacuo. It

boiled between 145-148® at a pressure of 5 mm. The neutral

equivalent of the acid was found to be 200 as compared with a

calculated value of 197.

For the formation of the methoxyamino acid 20 gm. of the

methoxybromo acid were heated for 6 hours in a pressure flask with

100 cc. of concentrated ammonium hydroxide. The resulting

solution was reduced to dryness m vacuo. The methoxyamino

acid was separated from the ammonium bromide by dissolving the

mixture in 20 cc of water, and adding alcohol to incipient crystal-

lization. The acid was recrystallized in the same manner. The
yield in this step was 62 per cent of the theory. The compound
melted with decomposition at 224-225°. Analysis gave the

following result.

CfiHuNOj Calculated, N 10 62; found, N 10 42

The methoxy group was hydrolyzed by refluxing the above

compoimd for 3 hours with 48 per cent hydrobromic acid. The
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resulting solution was reduced to dryness in vacuo. The residue

was dissolved in 100 cc. of water and treated with an excess of

moist silver oxide. After filtering, the remaining silver w^as

removed with hydrogen sulfilde The filtrate was evaporated

in vacuo, yielding an alkaline syrup of the lactone. The lactone

was dissolved in 50 cc of water and rapidly evaporated on a steam

bath. During the concentration the reaction of the solution

changed from alkaline to slightly acid, indicating the opening of

the lactone ring. Addition of alcohol resulted in the crystalliza-

tion of the a-aroino-y-hydroxybutyric acid Recrystallization was
accomplished by dissolvmg the ammo acid in the minimum quan-

tity of hot water, cooling, and adding alcohol Analysis of the

crystalline compound gave the following nitrogen content

C^HflNOs. Calculated, N 11.76; found, N 11.68

When this compound was incorporated at a level of 4 per cent,

in an otherwise adequate diet, it exerted absolutely no growth-

stimulating effect. It is certain, therefore, that the hydroxyamino-

butyric acid isolated from proteins is not a-amino-7-hydroxy-

butyric acid.

From the investigations outlined alove it follows inevitaily that the

new ammo acid is one of the four optically active oramino-^’-hydroxy--

iviutyric acids. Inasmuch as the reduction product derived from

the natural amino acid is d-a-amino-w-butyric acid, the only

structural detail yet unsolved is the spatial configuration around

the i^-carbon atom. This is now' being mvestigated, and the

results will be presented in a subsequent paper of this series.

As confirmatory evidence for the general nature of the com-

pound, Dr. H, E. Carter of this laboratory has accomplished the

synthesis of a mixture of the four optically isomeric a-ammo-i&-

hyxiroxybutyric acids. The pair of mirror image products syn-

thesized from crotonic acid exerts extremely little if any growth

stimulation. After epimenzation of this pair, the resulting mate-

rial manifests about one-fourth to one-sixth of the activity of the

natural amino acid. This sjmthesis will be published in detail in

the near future.

Previous Reports of the Isolation of Hydroxyaminohutyric Acid—
The possible isolation of hydroxyaminobutyric acid from proteins

has been reported previously by three groups of investigators. Of
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these Gortner and Hoffman (1925) were the first Their product

contamed 28 per cent of ash After correcting for this enormous

amount of inorganic material, the elementary analysis showed C
39.93, H 9.09, and N 12.00 per cent, mdicatmg ^‘an empirical

formula of C4H11O3N or some multiple of this That the com-

pound may have been hydroxyaminobutyrie acid is mentioned by
the authors merely as a possibility. Unfortunately, the empirical

formula given by them is not that of hydroxyaminobutyrie acid,

nor do the analytical data correspond satisfactorily to the theo-

retical values for C4H9NO3.

Schryver and Buston (1925-26) reported the isolation of an
amino acid which they believed to be hydroxyaminobutjrric acid.

In separating it from the other amino acids they made use of the

solubilities of its zinc and copper salts. According to these investi-

gators, the zinc salt of the amino acid is soluble in ethyl alcohol;

but the copper salt is insoluble in dry methyl alcohol, even when
the extractions are continued till the extract is no longer blue.

Invariably, w'^e have found our compound in the fraction of amino

acids whose copper salts are soluble in absolute methyl alcohol.

Admittedly, the solubility is shght, as was pomted out by Caldw’ell

and Rose (1934), but appreciable quantities continue to dissolve

almost indefimtely during repeated extractions. Furthermore,

the zinc salt of our amino acid dissolves very slowly in ethyl alcohol

of the strength employed by Schryver and Buston. Because of

these apparent differences in properties we concluded 2 years ago

that our growth essential could not be identical with the compound

of Schryver and Buston (c/. Caldwell and Rose (1934)). Despite

these discrepancies, there seems to be little reason to doubt that the

British investigators really had hydroxyaminobutyrie acid Their

analyses agree well with the values required by the formula

They report also the preparation of the dibenzoyl and phenyl-

isocyanate derivatives, each of w^hich analyzed satisfactorily.

However, they record no attempts to determine the structure or

physiological importance of the ammo acid.

Shortly after the work of Schryx^er and Buston, Riimngton

(1927) described the isolation of hydroxyaminobutyrie acid from

phosphopeptone. With the exception of the nitrogen x^alue, the

reported analytical data are not in close agreement with those

required by a compound having an empirical formula, C4H9NO3.



McCoy; Meyer, and Rose 301

Although no evidence is presented for the structure of the acid, its

formula is written by the author as of-amino-^-hydroxybutyric

acid

In conclusion, attention may be called to the fact that the

isolation of a-ammo-iS-hydroxybutyric acid, and the proof that it

IS the hitherto unknown growth essential, renders it possible for

the first time, to rear ammals on diets containing mixtures of highly

purified amino acids in place of proteins. By means of such
expeliments the physiological significance of the ammo acids may
be established by dropping them out of the diet one at a time.

Several such investigations are already under way in this labora-

tory. It is our purpose also to determine the quantitative needs

of the organism for each mtrogenous essential. Eventually, such

data may provide a new and final answer to the question of the

protein requirements of man and animals

SUMMARY

The hitherto unknown growth essential has been isolated in

pure, crystalline form, and identified as one of the four optically

isomeric a-amino-j(?-hydroxy-n-but;yTic acids. Several of its

derivatives have been prepared and described.

On reduction the new ammo acid yields d-a-amino-n-butyrie

acid. The spatial configuration around the i?-carbon atom
remains to be determined, and is now being investigated.

With an otherwise adequate diet, approximately 0.6 per cent of

a-amino-i?-hydroxybutyric acid is the minimum amount necessary

to induce maximum growth The feeding trials herein described

constitute the first successful attempt to rear animals on a ration

containing purified ammo acids as the sole source of nitrogen.

Inasmuch as satisfactory growth has been secured by the use of

diets devoid of hydroxyglutamic acid and citrullme, these two

amino acids are not indispensable components of the food. Exper-

iments designed to determine the physiological importance of the

remaining amino acids are now under way.
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In 1923 Robinson (1) demonstrated the presence in ossifying

bone of a phosphoric acid ester-splitting enzyme which he believed

to play an important r61e in bone calcification. Kay (2) and
Bodansky and Jaffe (3) have since made extensive studies of

plasma and serum phosphatase under various conditions. In

general it appears from their work that plasma phosphatase is

changed from the normal in many conditions in which calcium

metabolism is disturbed. Kay reports that the phosphatase value

of plasma in many cases of generalized bone disease rises to more
than 20 times the normal value, the degree of increase being cor-

related with the severity of the disease.

Work in this laboratory has shown that fluorine interferes with

the normal development of teeth and bones. In 1932 (4) fluorine

in drinking water was shown to be the cause of a dental disease in

humans known as mottled enamel, and this dental damage was
produced experimentally (5) in rats, dogs, and guinea pigs by
fluorine feeding or injections. The extensive investigation of the

effect of chronic fluorine poisoning upon the metabolism of cal-

cium and phosphorus which followed showed that growing fluo-

rme-fed rats (6) and dogs (7) retained less of these mineral ele-

ments than do their non-fluorme-fed litter mate controls and the

path of excretion was altered. The evidence indicated that

fluorine decreased the absorption of calcium.

The possibility of a change in plasma phosphatase values ac-

companymg fluorine toxicosis w^as suggested by Phillips (8). He
briefly reported that the plasma phosphatase of dairy cows fed a

303
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high concentration of fluorine in their ration was practically double

that of the control animals. His statement that ^‘the plasma

phosphatase in fluorosis forms a sensitive test for the toxic effects

of chronic fluorine poisordng” was of great interest to us from the

standpoint of a possible application and use in detecting fluorosis

in human beings drinking fluorme-containing water and in es-

tablishment of the toxic level for fluorine intake.

Our preliminary analyses of the plasma phosphatase in rats

suffering from chronic fluorosis did not, however, reveal a higher

content than in the control animals. Accordingly, a more thor-

ough investigation of plasma phosphatase of rats in different stages

and degrees of fluorine poisoning was conducted.

It has been our observation that a relatively low intake of

fluorine by rats (6) and humans (9) results in no measurable in-

terference with calcium metabolism as determined by balance

experiments and yet causes a devastating effect upon the enamel of

the teethwhen no other symptoms of fluorosis are present. Histo-

logical exammations (10) of the teeth suggest that fluorine exerts

a direct local action on the enamel-formmg cells. In order to

discover a possible effect of fluorine upon the phosphatase enzymes

present at the site of tooth and bone calcification our studies were

extended to include phosphatase values of both teeth and bone in

fluorine poisoning.

EXPERIMENTAL

In the first series of experiments, a study is made of the effect

of chrome fluorme intoxication produced by feeding harmful

amounts of sodium fluoride upon the phosphatase content of

plasma, teeth, and bones of growing rats of different ages. In the

second series of experiments, an acute fluorine poisonmg is pro-

duced by the subcutaneous mjection of a solution of sodium flu-

oride m adult animals arid determination of their plasma phos-

phatase

Series I—Litter mate albmo rats were divided at weanmg (28

days of age) into two groups. One group was given Sherman^s

Diet B composed of | whole wheat, | whole milk powder, and salt

equal to 2 per cent of the weight of the wheat (Diet 13) and was

used as a control group. The second group was given the same
ration to which 0 1 per cent sodium fluoride had been added. This
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ration (Diet 214) has been used in much of the experimental work
in this laboratory. It produces severe stunting in growth of the

experimental animals, gross changes in tooth and bone structure,

and diminished retention of calcium and phosphorus (5, 6, 11).

In a few cases, a third group was given the control ration to

which 0.025 per cent sodium fluoride had been added. This ration

(Diet 216) produces visible changes m the incisor teeth of rats but

has little effect on the growth or general health of the animals.

Only male rats were used, so as to avoid possible sex differences

in phosphatase values.

At 2 week intervals, litter mate rats were taken from each group

and the phosphatase content of the plasma and, in most cases, of

the bones and teeth was determined.

A fasting blood sample for analysis was taken directly from the

heart of the animals which were first anesthetized with chloroform.

The animals were deprived of food overnight, because it had been

found that extremely variable and much higher results were ob-

tained when a fasting sample was not taken. Phosphatase was

determmed at first by the method of Kay (12). This methodwas

discarded in favor of the clinical method of Jenner and Kay (13),

which can be earned out with smaller blood samples and in a

shorter time.

The method consists essentially of incubation of the plasma with

the substrate, sodium i3-glycerophosphate, highly buffered with a

glycine-NaCl-NaOH mixture, for 3 hours at 38°. After precipita-

tion of the protems with trichloroacetic acid the degree of hydroly-

sis of the glycerophosphate is estimated by determination of the

phosphorus colorimetrically, with stannous chloride as the reduc-

mg agent. The results are compared with the results of the non-

meubated aliquots and the phosphatase content of the plasmas

expressed m terms of the number of mg. of phosphorus wliich were

hberated by 100 cc. of the plasma under the conditions described.

While the blood samples were in the water bath, the incisor teeth

and leg bones (tibia) were removed, freed from flesh, and quickly

weighed. They were then ground with sand m a mortar and ex-

tracted overnight vuth distilled water to which a few drops of

chloroform had been added The amount of water used was

based on the weight of material to be extracted and was 50 times

the weight of the bone and 100 times the weight of the teeth
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After extraction the mixture was filtered and 0.5 cc. aliquots were

taken for analysis by the same method used for blood. The
results are expressed as mg. of phosphorus liberated per gm. of

fresh tooth or bone material. To exclude the possibility of fitter

variation or changes in temperature conditions during the de-

termination of phosphatase, comparisons were alwas^s made of

analyses which were made at the same time on litter mates.

Table I

Effect of Sodium Fluoride on Phosphatase Content of Plasma^ Bones^

and Teeth of Growing Rats

No of
litter

mate
rats OIL

each
diet

Length
of time
on diet
after
wean-
ing

Average phosphatase content

Plasma, mg
P liberated per
100 cc plasma

Bones, mg
P liberated per gm

fresh bone

Teeth, mg P liberated
pergm fresh incisor

tooth

Diet
13

(con-
trol)

Diet
214
(01
per
cent
NaF)

Diet
216

(0 025
per
cent
NaP)

Diet
13

(con-
trol)

Diet
214

(01
per
cent
NaF)

Diet
216

(0 025
per cent
NaF)

Diet
13

(con-
trol)

Diet
214

(0 1 per
cent
NaF)

Diet
216

(0 025
per cent
NaF)

whs

d 2 6 46 5 31 9 45 6 16 5 15 6 14 7 14.4 15.4

10 4 8 35 1 31 8 35 7 13 3 13 8 13 3* 11 2 8 4 n 3*

10 6 348 32 9 UMi] 14 4 14 9t 95 6 9 9 5t

5 8 12 16 8 20.9 8 4 11 9 16 8 5 4

2 10 14 13 7 18 4 7 9 13 3 14 0 8 0

1 11 15 Tbi] 17 2

1 12 16 15.1 16 8 ligi]Imigii 15 6 4 2

2 18 22 15 8 15 8 8 3 6 8 10 3

1 30 34 14 1 17 2 3 9 4 3 3 5 1 1

1 58 62 15 5 17 8

* Average of six rats

t Average of two rats.

The results of these determinations are summarized in Table I.

It may be seen at a glance that the blood plasma phosphate of

young growing rats was not increased in chronic fluorine poisonmg

induced by feedmg a ration containing 0.1 per cent sodium fluoride.

In comparmg the plasma phosphatase value of the normal con-

trol animals with those of the fluorine-fed animals it is interesting

tojiote first, the decrease in plasma phosphatase with age m the

control animals, and second, the somewhat lower values in the
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fluorine-fed animals of the same age up to 70 days and the some-

what higher values thereafter. The decrease in plasma phospha-

tase with age in the normal animals parallels the rate of growth and
skeletal development. Hammett (14) noted an abrupt decline in

bone growth in young rats when from 65 to 75 days of age. In a

series of calcium and phosphorus balance experiments in the

authors^ laboratory (6) a strikmg decline in the retention of cal-

cium and phosphorus was noted at approximately 70 days of age.

In the present investigation, an abrupt decline m plasma phos-

phatase content may also be noted after the rats have reached the

age of 70 days.

The plasma phosphatase of the fluorme-fed animals is lower at

first than that of the controls but also decreases with age, although

the decrease is more gradual The drop at 70 days of age is less

marked than that of the control animals and higher phosphatase

values are thereafter noted m the fluorine-fed animals Here

agam, the results parallel our previous findings that animals fed

0.1 per cent sodium fluoride m their ration are stunted in growth

and bone development and retain less calcium and phosphorus

than do the control animals up to the age of 70 days but the re-

tention of these elements is higher thereafter. This difference

is probably due to the slower rate of development and calcifica-

tion of the stunted fluorine-fed animals which was extended over a

longer period of time.

The phosphatase content of the bones of the two groups of ani-

mals shows no measurable difference until the age of 70 days, at

which time the bone phosphatase values of the fluorme-fed ani-

mals are greater, again probably mdicative of more active calcifica-

tion as compared with the controls which have passed the period

of most active bone growth and, therefore, show lower bone phos-

phatase content.

The incisor teeth of the fluorine-fed animals after 2 vreeks on a

ration containing 0.1 per cent sodium fluoride show no difference

in phosphatase content However, when the animals are con-

tinued on this diet, a veiy positive decrease of the content of the

glycerophosphate-splitting enzyme was observed and the mcisors

of fluorine-fed animals showed a lower content of this enzyme than

did the teeth of the control litter mate rats. The rate of eruption

of the incisor teeth of rats on these diets has been previously
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measured (15) and it was found that the incisors of rats on the

fluorine Diet 214 grew at a rate of 16 8 mm in a 10 week period

after weanmg as compared with a 31.7 mm. gro^^dih of the incisors

of the control animals m the same period of time Growth of the

mcisors was practically normal during the first 2 weeks but ^

markedly retarded thereafter, with almost cessation of growth

after 8 weeks on the fluorme ration. Thus it appears that the

phosphatase content of the incisor teeth is dependent upon the

activity of their growth and calcification.

The lower phosphatase values of plasma, bones, and teeth of the

fluorine-fed animals during the period of most active growth of

the normal animals seemed to be best explained secondary to the

growth and calcification stunting effect of fluorine instead of any
specific effect of fluorine upon the phosphatase enzyme itself.

Further corroborating evidence may be seen m the phosphatase

values of the plasma, bones, and teeth of rats receivmg sufficient

fluorine in their ration (0.025 per cent sodium fluoride) to mottle

the teeth but not a high enough concentration to mterfere with

the rate of growth of the animals or give any evidence of abnormal-

ity of skeletal development. As may be seen in Table I rats on

Diet 216 had phosphatase values practically the same as those of

the control non-fluorme-fed rats of the same age, litter, and sex.

Series 11—In order to test further the effect of fluorine upon the

phosphatase enzyme, an acute fluorine poisoning was produced m
rats by the subcutaneous injection of a solution of sodium fluoride.

Schour and Smith (10) have shown that the smgle injection of 0.3

cc of a 2 5 per cent solution of sodium fluoride produced marked
gross and histologic changes in the incisor teeth.

Accordingly, male albmo rats taken from the stock colony (basal

Diet 13) were given subcutaneous injections of 0 3 cc. of 2 5 per

cent sodium fluoride solution. The animals were then fasted

overnight, at which time (18 hours after mjection) the blood was

sampled and plasma phosphatase determined in the usual manner.

The period of active growth and sex differences was avoided by
using only male rats 14 vreeks of age or older. As before, com-

parisons are made betw’een the plasma samples of litter mate

rats analyzed at the same tmie Most of these analyses were

made m the summer months, which may explain the slightly

higher values found for the fe\v animals of the same age as com-

pared with those reported in Series I.
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The results of this study appear in Table II. While in a few

cases the injected animals had a slightly higher plasma phospha-

tase content than the control animals, in other cases the reverse

was true and in most cases no difference could be noted. In no

cases were the differences of the strildng order reported by Phillips

as occurring m fluorosis m dairy cows

The average plasma phosphatase values for nineteen mjected

rats of different adult ages was 18 9 umts as compared with 18.7

units for nineteen of their non-injected litter mate controls. Thus
it may be concluded that the concentration in the plasma of the

enzyme probably involved in tooth and bone calcification was not

Table II

Effect of Injection of Sodium Fluoride upon Plasma Phosphatase of

Albino Rais

No of rat pairs
j

Age

i Average phosphatase content, mg P
hberated per 100 cc plasma

Control rats Injected rats

5

whs

14 17 8 19 7

4 16 IS 0 18 8

2 19 16 4 16 6

1 20 29 0 24.0

3
'

24 13 0 14 4

3 27 18 1 17 0

1 41 19 0 22 3

Average of 19 adult rats 18 7 IS 9

mcreased in acute fluorme poisoning 18 hours after the inj'ection

of a solution of sodium fluoride.

STJM3UAEY

A study has been made of the effect of sodium fluoride upon the

phosphatase content of the plasma, bone, and incisor teeth of

albino rats. Comparisons were drawn between analyses made at

the same time on fiuorme-fed and non-fiuorine-fed rats of the same

age, sex, and litter The plasma phosphatase values of the normal

control rats decreased with age, a rather precipitous dip occurring

at about 70 days of age, with little change thereafter.

The plasma phosphatase value of the animals whose ration con-
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tamed 0,1 per cent sodium fluoride also decreased with age, but

more slowly. They are lower than those of the control rats until

the age of approximately 70 days, after which they are slightly

higher. It is believed that the lower values noted are an mdica-

tion of less active bone growth and delayed maturity rather than a

specific fluorine effect

Animals receivmg 0.025 per cent sodium fluoride in their ration,

a concentration sufficient to mottle the teeth but not to stunt bone

development or produce other signs of fluorosis, show phosphatase

values of the same order as the control rats.

The phosphatase content of the incisor teeth of the animals on

the high fiuorme diet is less than that of the controls. Previous

work has shown that their rate of eruption is inhibited by fluorine

feedmg.

Little difference was seen in bone phosphatase values of the

controls and their fluorine-fed litter mates until about 70 days of

age, after which time they were shghtly higher in the fluorine-fed

rats.

The plasma phosphatasevalues in adult rats, determined approxi-

mately 18 hours after the mjection of 0.3 cc of a 2.5 per cent so-

dium fluoride solution, were not significantly different from those

of the controls.

It is concluded that fiuorme does not exert its characteristic

damage to the teeth of rats through its effect upon the enzyme in-

volved in tooth and bone calcification, nor can an mcrease in

plasma phosphatase content be considered a sensitive indication

of fluorosis in rats as reported by Phillips (8) for dairy cows.
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(Received for publication, August 19, 1935)

The need for a convenient and practical method for the meas-

urement of the colloid osmotic pressure of biological fluids is evi-

dent from the number of methods which have recently been

described.

Modifications of Sorensen^s (1) collodion sack method by
Erogh (2), Mayrs (3), and Wells (4) have yielded excellent results

in the hands of these and other mvestigators but require a careful

technique in the preparation of the membranes. The ingenious

method of Schade (6) (which has been adopted and modified by
Kylin and von Pein (6)) has not found general appKcation, Per-

haps the most promising method from the standpoint of adapta-

bility to routine laboratory use is the second method described by
Krogh and Nakazawa (7) m which a hard rubber osmometer and

fiat commercial membranes are employed. A micromodification

of this method by Hill (8) reduces the amount of fluid required to

0 3 cc. and shortens the time of equilibration.

The advantages of the Krogh-Natazawa osmometer over others

now m use are (1) the convenience of manipulation, (2) the small

amount of fluid required, (3) the short time required to establish

equihbnum, and (4) the use of inexpensive commercial membranes

which require very little expenditure of time in preparation for

use In spite of these advantages, we have had to discard more
than one-third of our determinations with this osmometer because

equilibrium was never obtained- After studying the possible

causes of this difficulty we have come to the conclusion that the

fault is in the use of rubber washers to hold the membrane in

313
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place. When pressure is applied in assembling the osmometer

there is some flattening and spreadmg of the washer. This causes

a bulging of the center of the membrane and in some cases it loses

contact over most of its surface with the filter paper holding the

outer fluid. When washers hard enough to prevent this bulging

are used, they frequently do not prevent leaking.

With a view to eliminating this source of error we have con-

structed an osmometer of brass with parts so machined that they

fit together tightly without the use of washers. The construction

is based on that of the Krogh-Nakazawa apparatus but differs

from it in a number of essential details. This osmometer has been

in use in our laboratory for over 2 years.

The osmometer is illustrated in Figs. 1 and 2. Fig. 1 shows the

separate parts and Fig. 2, a longitudinal section of the assembled

apparatus. The perforated disk, e, supports a disk of filter paper,

fc, which bears the outer fluid, and above it the collodion mem-
brane, j.^ This disk rests in a depression in the top of the cone,

/, and is held firmly in place by the collar, d. The disk is 0.001 inch

thicker than the depression m which it rests. This serves to keep

the membrane tight against d. The nng, g, screws into d and

forms a rigid support for /. The parts, d, e, /, and g, are shown

assembled in Fig. 2. When in position they form the well, t,

which holds the plasma. The bottom of this well is the membrane,

now held firmly in place; the wall is the upper part of the rim of d.

The cap, c, forms the top of the osmometer and completes the

cell containing the plasma. The capillary tube, o, which dips into

the plasma through the opening in the cap, c, is held in place by
the box screw, 6, which screws over the rubber washer, A. The
washer serves to prevent leaks and also to hold the capillary tube

firmly in position.

Fig. 2 shows a longitudinal section of the assembled osmometer

with the parts /, e, d, and c, all closely in apposition, and the

bottom of the capillary tube, a, dipping into the cell, i, which holds

the plasma. The disk of filter paper and the membrane are shown
in the longitudinal section by a single line above the disk, e.

^ Ultrafeinfilier (120 minute grade), obtamed from Membranfilter-Gresell-

schaft, m b.H
,
Gottingen Turner (9) bas recommended cellophane No

600 as a suitable membrane for use in the Krogh osmometer In our bands
this membrane has given erratic results.



R. Dubach and R. M. Hill 315

The advantages of this apparatus over the Krogh-Nakazawa

osmometer are:

1. The osmometer is made of brass so machined that the parts

fit together tightly and do not require washers to pre\"ent leakage

around the membrane. This insures a flat membrane throughout

Fig* 1 Fig. 2

Fig. 1. Separate parts of osmometer

Fig. 2. Longitudinal section of the assembled apparatus.

the determination without any of the bulging that is almost un-

avoidable in an apparatus which holds the membrane in place

with a rubber washer.

2. The membrane is still in view after it has been put m place,

so that if any accident has occurred to it while assembling the
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parts the defect can be seen; also any outside fluid which has

leaked around the edge of the membrane can be wiped off.

3 The plasma is introduced into the cell before the cap, c, is

applied. Hence any bubbles that may form around the edges

can be seen and removed.

4. When it is desired after a determmation to test the outer

fluid for leakage of protein through the membrane, the cap, c,

can be removed and the inner solution completely washed out

before the rest of the apparatus is taken apart. Thus there is

no chance of contammation of the outer fluid with the inner fluid

after the determination is completed. The advantages of this

will be apparent to those who have had experience with the

Krogh-Nakazawa osmometer.

The arrangement described by Turner (9) for making several

determmations at the same trnie is employed. The osmometers

are hung from the side arms of a horizontal brass tube sealed at

one end and connected at the other with a water manometer. The
following modifications have been made. (1) The capillary tubes

are left square at the top. (2) Heavy rubber pressure tubmg
is used to coimect the glass tubes with the brass tree. This is

necessary in order to support the weight of the brass osmometers.

(3) Glass stop-cocks are inserted between the brass tube and the

individual capillary tubes instead of usmg pinch-clamps on the

rubber tubes. These have the advantage that turning the plug

m the glass stop-cock does not alter the volume of the system.

The lower parts of the osmometers dip into a glass jar contain-

ing 0.9 per cent sodium chloride solution to prevent the evapora-

tion of the outer solution from the filter paper

The determination is conducted as follows* A disk of filter paper

moistened with 0.9 per cent sodium chloride solution is placed

over the brass osmometer disk, e, which is in position on top of

the cone, / A disk of membrane is then apphed, care being taken

that no bubbles are caught between the filter paper and the mem-
brane. The membrane is held in position by placing the collar, d,

over the cone, /. These parts are then inverted and the part, (7,

is screwed into d. During this operation g is the only moving

part A shearing motion between / and d, which might injure the

membrane, is thus avoided. After the parts d, c, /, and g have

been assembled, the membrane is still visible and can be examined
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for flaws before the plasma is put in. Excess of moisture is re-

moved from the surface of the membrane by blotting it with

a small piece of clean filter paper. The plasma is added imme-
diately from a fine tipped pipette until the level of the liquid

forms a rounded meniscus above the rim of the chamber. The
cap, c, is then screwed mto place over d. The surfaces of c and d

where they touch at m (cf. Fig. 2) are so machined that they fit

without leaks Before insertmg the capillary tube, a, a wire which

has been dipped m caprylic alcohol is touched to the surface of

the plasma to break any air bubbles which may have formed m
screwing on the cap The capillary tube, a, bearmg the rubber

washer, h, at the proper distance from the end, is then carefully

inserted through the hole m the top of c and the box nut, b, is

screwed into position over the washer. If the osmometer has

been properly filled, the tighterong of the screw upon the rubber

washer causes the plasma to rise in the tube to a height of 8 to

10 cm. The washer, k, must have a thin coat of vaselme so that

it will slide on the metal parts b and c; otherwise, in assemblmg,

the shearing force will tear the rubber and cause leaks.

When thus assembled the osmometer is connected with the

pressure system previously described. The stop-cock is kept open

while the tube is being inserted m order to avoid too sudden an

increase m pressure. As soon as the osmometer is in position the

leveling bulb of the water manometer is raised in order to put

upon it approximately the pressure expected. The stop-cock is

then closed until a reading is to be taken.

The time required for the establishment of equilibrium vanes

generally from 3 to 6 hours Readmgs are begun at the end of 3

hours and continued at half hourly or hourly intervals until two

successive readings check within 10 mm. The method of making

a reading is the same as with the Krogh apparatus. The leveling

bulb of the water manometer is raised to a level approximating

the pressure expected; then the stop-cock is opened and the level-

ing bulb is adjusted until the column of plasma in the capillary

tube becomes stationary The meniscus is observed for several

minutes through a low power reading microscope with a cross-hair

m the ocular. WTien it has attamed a constant level, the follow-

mg readmgs are made: (1) the height of the counterbalancing

column of water in the manometer, and (2) the height of the fluid



318 Colloid Osmotic Pressure

in the capillary tube above the level of the saline solution. These

two readings are added together and two negative corrections

deducted: (1) the capillary effect of the osmometer tube, ani(2)

the depth of the cone, f
Total pressure = A + B — p, m which A = the pressure of

water on the leveling stand, B — x — y, and p = the capillarity

in the osmometer tube. As shown in Fig. 2, a; = the height of the

plasma above the level of the saline solution and y = the depth

of the cone, /.
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Eehberg^ has described a simple, highly accurate microburette

which IS very useful for certain types of titration. Its use is

limited, however, to titration with solutions which do not react

with mercury. In order to overcome this difficulty we have modi-

fied the burette so that mercury does not come in contact with

the titration fluid.

The parts of the apparatus are shown in detail in Pig, 1. With
the exception of parts a and 6 and the rubber diaphragm held

between them, the apparatus is essentially the same as that of

Rehberg. The 2 cc. Record syrmge, m, which is used, is selected

for the perfect fit of the plunger. The stem $ is threaded and

moves m the block o, which is fastened to the metal cap of the

syringe barrel. The block should be at least f inch thick. A
short piece of heavy rubber tubmg, p, shpped over the handle of

the adjusting screw is an aid to delicate manipulation. When in

use the plunger is coated with a heavy stop-cock grease. The
cement with which the tip, t, is usually fastened to the barrel of

the syringe, as it comes from the supply house, will not hold

mercury. For this reason it is removed, the cement scraped

away, and the tip replaced, cellulose paste® being used to secure

it to the barrel- Consecutive nngs (not a thread) are cut in the

tip, t, to secure it in the fine bore pressure tubing, h, which serves

to hold the syringe to the burette, c. To make this connection

1 Rehberg, P. B., Biochem J , 19, 270 (1925).

* Two sheets of cellulose acetate photographic film, 4X5 mches, are

washed free of gelatin, dried, and dissolved in 100 cc. of a mixture of 83

parts of dry acetone and 17 parts of absolute alcohol.

319
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firm, the tip, the pressure tube, Zi, and the upper half inch of

the syringe barrel are covered with several coats of cellulose paste.

The connections, h and h, are of the same heavy walled tubmg

as Zi, but need not be coated with cellulose paste. For the burette,

c, we use carefully calibrated, graduated pipettes of 0.1, 0.2, or

1 0 cc. capacity. The glass parts, a and 6, are exactly alike, and

each should have a capacity of 3 or 4 cc. The rubber diaphragm,

d, is a finger cut from a rubber glove and inserted into part a

The cut end of the finger is turned back over the outside of a,

where it should fit tightly. The piece of rubber tubing, e, holds

the parts, a and 6, together and keeps the diaphragm, d, securely

in place. To prevent expansion of the tubing, e, it may be fitted

with a metal collar, or it may be wrapped with a coil of copper

wire and coated with cellulose paste.
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The first step in filling the burette is the introduction of 2 cc.

of mercury into the syringe. It is sometimes more convenient

to do this before the syrmge is attached to the burette, or it may
be introduced through the stop-cock in & by lowermg the plunger

of the syrmge If the latter method is used, the apparatus must

be tipped to avoid trappmg mercury in 6. After the mercury is

introduced, b and c are completely filled with water through the

stop-cock in b, by raismg and lowermg the plunger of the syringe.

When this is accomplished the stop-cock in 6 is closed. Part a

and the tip, x, must be completely filled. To accomplish this,

the tip, Xj is dipped below the surface of some titrating fluid in a

test-tube, and suction is applied at the stop-cock in a. When a

is filled, its stop-cock is closed. Care must be taken to remove

all bubbles of air. Fmally the stop-cock m b is opened, and the

plunger of the syrmge is raised until the mercury stands above

the calibration on the burette; this stop-cock is then closed. The

burette is now ready to be filled for use The titrating fluid is

mtroduced through the tip, x, and the mercury brought to the

zero pomt on the burette by manipulating the syringe plunger.

The use of the burette is as simple as is that of Rehberg. We
have not determmed how long the diaphragms will remain in

good condition, but one m use with thiosulfate solution has not

needed attention for nearly a year.

For a complete discussion of the use of microburettes and the

theory of microtitrations, the reader is referred to the original

paper of Rehberg.^
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(From the Chemical and Physical Laboratories, University of California at

Los Angeles, Los Angeles)

(Received for publication, August 22, 1935)

The absorption spectra of the amino acids in the ultra-violet

region are of interest, particularly because of their basic importance

in the determination of protein composition by spectroscopic

methods. The experiments described in the present paper were

undertaken by the authors because the absorption data reported

by earlier workers (1-15) are incomplete and not wholly concord-

ant. Quantitative absorption charactenstics of the amino acids

in the ultra-violet and other wave-length regions will be reported

m subsequent papers.

EXPEBIMENTAL

The phenol, benzene, Z-hydrox3q)rohne, Z-proline, Z-tryptophane,

and Z-histidine dihydrochloride used in this work were the highest

grade obtainable from commercial concerns. Indole, Z-tyrosine,

dZ-alanine, dZ-leucine, and dZ-phenylalamne W’ere highly purified

samples prepared in this laboratory.

The apparatus consisted of a small quartz Gaertner, equivalent

to the Hilger spectrograph E-31, and a hydrogen discharge tube of

transparent fused quartz. Although the latter contained a trace

of carbon monoxide, fortunately the radiations from the impurity

were in a wave-length region removed from that of ammo acid

absorption. The amino acids were dissolved in distilled water and

placed in a fused quartz cylinder, 2.5 by 24 inches. The solutions

were exposed to the discharge from the hydrogen tube for an aver-

age time of about 30 minutes. In the case of extreme dilutions 3

323



324 Absorption Spectra of Amino Acids

hour exposure periods were employed. Exposures were made at

increasmg dilutions until the maximum number of absorption

bands was found. The wave-lengths of the absorption bands

were measured by comparison with the lines in the mercury arc

spectrum. Eastman No. 33 plates were used to photograph the

absorption spectra.

Table I

Ahsorphon Bands of UTyrosiney Phenol^ dUPhenylalamne, Benzene
j
l-Tryp-

tophane, and Indole %n Ultra-Violet Region

dZ-Pienvlalanine Benzene Z-Tyrosine Phenol
Z-Trypto-
phane indole

X X X X X X

2675 2685 2820 2760 2894 2873

2643 2645 2760 2690 2804
1

2790

2576 2606 2680 2625 2710

2525 2545 2605
1

2462 2480 2540 j

2410 2420 2470
1

2350 2380 2415
!

2330

Several indistinct bands at shorter wave-lengths than those shown in

the table were observed in each case for benzene and phenol Baly and

Collie (16) observed seven absorption bands for benzene of the wave-

lengths 26^, 2655, 2611, 2554, 2484, 2432, and 2381 A. Eight absorption

bands of the wave-len^hs 2674, 2594, 2535, 2477, 2426, 2372, 2329, and

2290 A. were reported by Henri (17). When phenol was dissolved in

pentane, Klingstedt (18) found three intense absorption bands at the wave-

lengths 2772, 2705, and 2643 A ; one or two feeble bands at 2550 A ,
and

two broad bands at 2150 and 2040 A When phenol was dissolved in water,

only one broad band could be observed. Absorption bands at 2869, 2806,

2788, 2762, 2650, and 2170 A. were reported by Friedli (19) for indole.

Bands at almost identical wave-lengths were observed by Menczel (20).

Results

It was found that dZ-alanine, rfMeucme, lHiistidme dihydro-

chloride, i-prolme, and Z-hydroxyproline gave general absorption

in the ultra-violet region, while benzene, phenol, indole, Z-tyrosine,

dZ-phenylalamne, and Z-tiyptophane showed selective absorption.

These results are in accord with the findings of previous workers

and with the commonly accepted view that the aromatic hydro-
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carbons aie the only compounds which show banded structure in

their spectra

The spectra of the compounds which exhibited selectn e absorp-

tion are shown in Figs 1 to 3 The wave-lengths of the absorp-

Fig. 1 Fig 2

Fig 1 The upper spectium repiesents phenol, the lowei, /-tviuMiie

The light poitions of the photogiaphs indicate ahsoiptioii bands The

photographs of the two spectra aie fixed in positions which correspond to

the same wave-length scale The concentration of the ammo acid solution

was found to be impoitant At a concentration of 0 13 gni per 100 cc

of distilled w ater only a broad region of absorption appeared On furthei

dilution to a concentration of 0 026 gm pei 100 cc the maximum number

of bauds w'as detected

Fig 2 The uppei spectium represents benzene, the lower, df-phen>l-

alanme The light portions of the photographs indicate absoi ption bands

The photogiaphs of the tw o spectra are fixed in positions which eoiiespond

to the same wave-length scale The maximum number of bands was

found at a concentiation of 0 075 gm pei 100 cc foi ^/-phenylalanine and

0 036 gm pel 100 cc foi benzene

Fig 3 The uppei spectrum lepiesents indole, the low^er, /-tryptophane

The light portions of the photographs indicate absorption bands The

photographs of the tw'o spectra are fixed in positions w hich correspond to

the same w’ave-length scale The maximum numbei of bands was found

at a concentiation of 0 0038 gm per 100 cc for /-tryptophane and 0 0034

gm per 100 cc for indole

tion bands in Angstrom units are given in Table I- The bands

w^hich are not distinguishable in the reproductions of the photo-

graphs were clearly visible on the original plates.
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As indicated in Fig 4, three of the bands for Z-tyrosine, five for

dZ-phenylalanine, and two for Z-tryptophane, reported by other

workers, agree closely with bands found in the present investiga-

tion. However, two new bands for dZ-phenylalanme and four for

Z-tyrosine have been discovered in the spectra of these ammo acids

i-TY ROS 1 N E cZi-PHENYLALANINE ^-TRYPTOPHAN E

Fig 4 Absorption bands of Z-tyrosme, cZZ-phenylalanine, and Z-trypto-

phane in the ultra-violet region The hoiizontal bands to the left of the

vertical lines indicate absorption bands found by the authors, while the

horizontal bands to the right are what seem to be the most reliable values

in the literature The numbers to the left of the vertical lines are wave-

lengths in Angstrom units, while the numbers to the right of the horizontal

lines refer to bibliographic citations The letters A and B signify that

the bands show’n for Z-tyrosine were obtained in acid (A) or basic (B)

solution

Ross (14) made the prediction that '^phenylalamne would have

several sharp bands, while tyrosine and tryptophane would have

only one or two diffuse hands It appeared to us moie probable

that the spectra of tyrosine and phenylalanine would be nearly

the same, since their absorbing nuclei differ only by a hydroxyl

group On the other hand, it \vould be logical to look for a defi-

nitely different spectrum m the case of tryptophane, since its
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absorbing nucleus is a structure formed from the fusion of benzene

and pyrrole. The authors’ experimental data appear to lend

support to these hypotheses

By determming the parts by weight of each amino acid required

for characteristic absorption in a given amount of solution in a

standard cell, Ross reported 1,0, 0 50, and 0 05 as the ratio of the

absorbing strengths of tryptophane, tyrosine, and phenylalanine.

When the parts by weight required to produce the maximum
number of bands were used in a similar calculation with the

authors’ data, the same relative order was found

It IS difficult to harmonize the present experiments with the

statement, made by Ross, that phenylalanine, of all the ammo
acids, has an absorption spectrum pecuhar to itself, which may be

used for its identification. Since it appears that the absorption

bands of tyrosine and phenylalanine he in nearly the same wave-

length region, it seems evident that one of these ammo acids must

be absent if the determination of the other by spectroscopic

methods is to be reliable. On the other hand difficulties from

interference by other ammo acids would be less significant in the

spectroscopic determination of tryptophane.

Numerous attempts (1, 2, 6, 9, 12, 13, 16, 21, 22) have been

made to explain the absorption spectra of proteins in terms of the

individual aromatic amino acids While investigations with

gelatin, a protein known to contain phenylalanme but only a small

amount of tyrosine and no tryptophane, might conceivably yield

reliable information, it "would be less probable that spectroscopic

measurements of other, more complete proteins would give

absorption bands which could be attributed with certainty to any

particular ammo acid.

From the data recorded in Fig 4 it may be seen that the absorp-

tion bands of Z-tyrosine, dZ-phenylalanine, and Z-tryptophane

closely resemble those of phenol, benzene, and indole respectively.

The principal difference seems to be a shifting of the bands to

longer w^ave-lengths On the whole it may be safely concluded

that the aromatic nuclei of these three amino acids are mainly

responsible for their selective absorption in the ultra-violet region

and that their aliphatic side chains, which exhibit only general

absorption, serve merely to produce alterations in the positions

of the bands.

THE JOURNAL OF BIOLOGICAL CHEMI&TBY, \OL 112, ^0 1
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SUMMARY

The ultra-violet absorption spectra of Z-tyrosme, dZ-phenylalanine,

Z-tryptophane, benzene, phenol, and indole have been determined.

It has been shown that the spectra of the three amino acids re-

semble those of their corresponding aromatic nuclei. Because of

the overlapping spectra of ^tyrosine and dZ-phenylalanine the

certain determination of either amino acid in a protein or a mixture

of amino acids would seem to be feasible onlym the absence of the

other form.
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By VERNON A WILKERSON

{From the Department of Biochemistry^ Howard Uniueraity Medical School,

Washington)

(Received for publicatioD, August 19, 1935)

In a previous publication we have shown that the outer layer of

human skin is a distinct chemical entity and corresponds to the

definition of a keratm as given by Block and Vickery (1). It is,

therefore, amphoteric in nature, capable of lonizmg both as an

acid and as a base, and has a definite isoelectric pomt.

It has been well established that these outer cells are normally

dead, extremely desiccated, and partially keratmized, and that

their peculiar properties are responsible for the many phenomena

that are of importance m connection with the local application of

drugs. Clinically it is a matter of common knowledge that cer-

tain substances in solution are readily absorbed through the intact

skm, while others are absorbed with difficulty or not at all. Cer-

tam ions under the influence of an electrical current permeate the

epidermis at varying rates; still others cannot be made to pass the

superficial layer, no matter what the conditions are.

The pH of the skm has been determined by Schade and Mar-
chionini (2), Sharlit and Scheer (3), Rastelh (4), and other in-

vestigators The lack of uniformity m results leads to the ob-

\aous conclusion that m the living material this value is dependent

chiefly upon the amount of perspiration, the oil in the skm, and

the condition of the underlying tissues It would, however, be

convenient and quite fundamental to be able to refer such values

as are obtained to the actual isoelectric point of the outer epithe-

lium. From the above considerations it was thought that the

determination of the isoelectric pomt would be of practical as

ell as theoretical significance

329
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EXPERIMENTAL

There are a number of methods available for the determination

of the isoelectric point of proteins. All depend upon the observa-

tion that at this pomt the osmotic pressure, viscosity, conductiv-

ity, swelling, precipitabihty by alcohol, acid- and base-bmding

power, and migration m an electrical field are at a minimum.

The msolubility of the human epithelium in ordinary solvents

and the ease with wliich microscopic suspensions are prepared

readily suggest the possibility of studying the migration of the

particle in an electrical field. This is the most direct method and

is termed microelectrophoresis.

The material for analysis consisted of the layer of epidermis

known as the stratum corneum. Samples were collected from

scrapings of normal skm, callouses on the hands of laborers, and

exfoliative disturbances from hospital patients All samples were

washed with w’'ater, extracted with acetone, alcohol, and ether,

dried at 105®, and pulverized in a ball mill

The powdered skin was suspended in a series of acid potassium

phthalate buffers (5) whose pH ranged from 1.39 to 6.13 The

pH of each of the solutions was deternimed immediately before

bemg used by employmg the quinhydrone electrode Measure-

ments of the electrophoretic velocity were made with a modified

Northrop-Kunitz apparatus in which a flat microelectrophoresis

cell whose width w’as very large as compared to its thickness was

utihzed The theory concerning such a cell has been completely

discussed in the recent monograph by Abramson (6).

Three radio batteries giving approxmiately 135 volts were con-

nected at each end of the cell to non-polanzable electrodes of

copper m saturated copper sulfate solution. Dental plaster of

Paris plugs were found to be most useful m impeding diffusion.

A 20 X Zeiss ocular and a Bausch and Lomb 8 mm 21 X ob-

jective combined working distance with sufficient magnification.

The eye-piece, of course, contained a micrometer scale which had

m turn been accurately graduated against a Zeiss stage mi-

crometer.

Smce velocities are given in im per second per volt per cm
,
the

potential drop per cm or field strength must be determined. As

the cell is umformly rectangular and the field is practically homo-
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geneous throughout, the potential gradient X can be directly

obtained from Ohm's law,X = {IR)/Q, where I measures current;

fi, resistivity of the suspension; and Q, cross-section of the cell.

The current I was measured by a microammeter which was intro-

duced in the circuit and the resistivity R of the suspension was
measured at the beginnmg of each experiment by means of the

Wheatstone bridge. This method, preferred by Abramson (7),

avoids the eirors due to accidental resistances when the potential

gradient is taken sunply as the applied e m.f. divided by the length

of the cell. The current was reversed by means of a Pohl mercury

commutator.

Owing to the charge which the glass assumes against the water

and the subsequent endosmotic steaming ^vhen the circuit is

closed, it was necessary, m order to eliminate this source of erior,

to measure the movement of the suspended particles in successive

layers from the top to the bottom The movement of liquids and

suspended particles in flat electrophoresis cells has been investi-

gated by many workers including Ellis (8) and Sinoluchowski (9).

The latter, as a result of theoretical considerations based upon

sound thermodynamic principles, has formulated that there are

stationary levels at approximately 0.21 and 0 79 of the total depth

of the cell. By the use of the quartz crystals (10) our cell was

found to conform to the theory of Smoluchow'ski

All the work was done at 25^. Prelmunary experiments showed

that the electrophoretic activity of the samples of skin was the

same regardless of the source.

DISCUSSION

• The data of the observed velocities in ju per second per volt per

cm, at a definite pH are plotted m Fig 1, which shows the shape of

the pH-niobility curve. Each pomt represents the average of

ten obser\"ations The value assigned to the isoelectric pomt
of the stratum corneum is 3 70

Rem (11), investigatmg the migration of anions and cations m
the mtact human skin, observed that between pH 3 and 4 a change

of the sign of the charge occurred. The isoelectric point of 3.7

obtained by the pH-mobility curve is in good agreement wnth this

region of reversal of sign.

Similarly, the observed velocities were determined for human
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hair and human finger nails. The values assigned to the isoelec-

tric points were respectively, 3.67 and 3.78 (Figs. 2 and 3)

It IS observed that the isoelectric points of human skm, hair,

and nails are very nearly the same. However, two or more am-
photeric substances may have the same isoelectnc point on thepH
scale and yet be totally different in composition A comparison

of such points is therefore distinctly limited and is only of true

value when used to show similarities or differences between sub-

stances within a natural group. Skin, hair, and nails have been

so considered, because by their physical properties they were

origmally classified as keratms. Again it has been shown quite

recently that they have the same basic anlage. The ratio of histi-

Fig. 1. pH-mobility curve and assigned isoelectric point (3 70) of skin

dme, lysine, and argmine (1) in each has been found to be approxi-

mately 1:5.15, and so they conform chemically to the definition .

of keratms Fmally, the epidermis, hair, and nails are all derived

embryologically from the ectoderm, while histologically the nails

and hair are usually considered as speciahzed and highly keratin-

ized appendages of the epidermis

It has been shovm by different workers, but especially by Cohn

(12), that the acid- and base-binding capacity of proteins is con-

nected with their amino acid content and consequently the numeri-

cal value of the isoelectric point is a function of the ratio between

the strengths of the acidic and basic groups As a matter of fact,

the position of the isoelectric point in naturally related substances
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may indicate the relative number of such groups. It is assumed

that the basic groups are chiefly those of the e-amino group of

lysine, the guanidine group of arginine, and the imidazole group

of histidine, while the chief acidic groups are the free carboxyl

groups of the dicarboxylic acids, and the hydroxy group of tyrosine.

Fig. 3. pH-mobility curve and assigned isoelectric point (3 78) of nails

From the similarity of the isoelectric points of the skin, hair,

and nails and from the previous observation that the basic amino

acids, lysine, arginine, and histidme, were present in the same molec-

ular ratio it might be predicted that the ammo acids responsible

for the acidic groups of these three closely related tissues are also
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present in a somewhat definite molecular ratio It must be added,

however, that while the isoelectric points are very nearly the same,

the slope of the curve m each instance is different This mdicates

the different manner m which the ions present in the buffer affect

the velocity of the suspended particles.

In reviewmg the work on the pH of the skin it is noted that most

of the values reported are on the alkalme side of the isoelectric

point. It is rSignificant, however, that in the work of Schade and

Marchionini (2), the pH of the human skm was found to vary from

1 78 to 5.17, with an average pH of 3.78. This is remarkably

close to the isoelectric point of the superficial layer

In the local application of colloidal suspensions of a medicmal

or cosmetic nature to the thoroughly cleansed epidermis, the ad-

herence depends greatly upon the charge on the suspended particle

and the charge that the skin assumes in contact with the solution.

This latter would depend upon the isoelectric point of the skin

and the pH of the colloidal suspension Should the pH of the

solution fall on the acid side of the isoelectric point, the outer

layer of the epidermis would be expected to assume a positive

charge and positively charged particles in suspension would be

repelled and easily removed, while negatively charged particles

would be closely adhered to the surface and consequently removed

with difiiculty On the other hand, should the pH of the medium
be on the alkaline side of the isoelectnc point, the skin would as-

sume a negative charge and the opposite behavior with respect to

charged particles would be expected.

SUMMARY

The skm, hair, and nails were suspended in a series of buffers

and their electrophoretic mobilities determined in a modified

Northrop-Kunitz microelectrophoresis apparatus. The curves of

mobilitym /x per second per volt per cm plotted against pH proved

to be fairly constant From this the following isoelectric points

were assigned: skm 3.70, hair 3.67, nails 3 78.

The suggestion was made that, since the isoelectnc points were

practically the same and the basic ammo acids were present in

approximately the same molecular ratios, possibly the ammo acids

responsible for the acidic groups were also present m a definite

molecular ratio m these three chemically, physically, and embry-
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ologically related structures It has been further suggested that

the adherence of colloidal particles in suspension to the skin

would depend upon the pH of the dispersion medium, the charge

that the skin assumed m contact with the colloidal suspension,

and the charge on the suspended particle.

I wish to express my appreciation to Dr. Numa P. G. Adams,

Dean of the School of Aledicine, Howard University, whose con-

tinued work m administration and organization has made this

research possible.
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STUDIES ON MAGNESIUM DEFICIENCY IN ANIMALS

VII. THE EFFECTS OF MAGNESIUM DEPRIVATION, WITH A
SUPERIMPOSED CALCIUM DEFICIENCY, ON THE ANI-
MAL BODY, AS REVEALED BY SYMPTOMATOLOGY

AND BLOOD CHANGES*

By HARRY G DAY, H D KRUSE, and E V McCOLLUM
{From the Biochemical Laboratory^ School of Hygiene and Public Healthy the

Johns Hopkins Universityj Baltimore)

(Received for publication, September 5, 1935)

In previous papers dealing with the effect of magnesium depriva-

tion on calcium metabolism (1) and on bone composition (2), the

results led to a renewed consideration of the evidence supporting

the view of a physiological antagomsm between calcium and mag-

nesium. It was Loeb who, havmg shown that magnesium ions

inhibit rhythmical muscular contractions (3), laid down the

assumption that irritability in tissues depended upon the presence

of various ions, among them magnesium, in definite proportions

(4), Working with plants, Loew (5) had already found that the

harmfulness of magnesium compounds to algse could be neutralized

by the addition of calcium compounds. With this background,

the theory of antagonism gradually evolved, at times seemingly

without design or recognition, from studies on the lower ammal
forms. For instance, from data presented by Moore (6) it is

evident that the toxic effect of magnesium chloride on trout was

nullified by the addition of calcium chloride. Shortly thereafter

Loeb (7), in reportmg that the effect of magnesium on the jellyfish

{Polyorchis) could be mhibited by calcium, and vice versa^ defimtely

asserted the existence of an antagonism between the two ions

The verification of this hypothesis culminated in the demonstration

by Meltzer and Auer (8) that the inhibitory effects of magnesium

* Presented by Harry G Day to the faculty of the School of Hygiene

and Public Health, the Johns Hopkins Universitj', in partial fulfilment of

the requirements for the degree of Doctor of Science in Hygiene
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compounds on rabbits, manifested by general anesthesia and

paralysis, could be overcome by injection of a comparatively small

quantity of a calcium salt.

During ensumg years, results derived largely from metabolic and

bone studies have strengthened the hypothesis, and have broad-

ened its scope to include the concept of a mutual interaction. It

has been observed that injection of magnesium salts mcreases the

excretion of calcium salts (9-11), likewise the ingestion of calcium

compounds augments the output of magnesium salts (12), although

in ingestion experiments the effect is mitigated if a liberal supply

of phosphate is simultaneously adnunistered (13, 14). It has

been asserted that this loss of calcium from the body, as a result

of high magnesium intake, is reflected m mferior calcification of

the bones (15-17), but, in the opinion of others (18, 19), the at-

tendant gastrointestinal disturbances have interfered with an

unqualified establishment of this point On the whole, the evi-

dence from all sources, when critically examined, is at one in up-

holding the validity of the hypothesis

If the effects of a preponderance of one or the other element have

constituted the principal support of the thesis which posits an

antagonism, the effects of a reduction in the available amount of

one or the other element have not been neglected. In magnesium

deficiency there was noted a marked retention of calcium in the

animal body, which persisted over a period of some weeks until

the onset of nutritive failure, with the consequent loss of calcium

(1). Since the animals usually succumbed to convulsions at a

comparatively early period, the effect of calcium retention during

this time was reflected m hypercalcification of their bones (2h It

thus appears that the purjDorted antagonism between calcium and

magnesium holds m those instances in which the intake of one is

markedly diminished

Hitherto in all studies bearing upon the prmciple of an antago-

nism between calcium and magnesium, the one element has been

supplied in usual amounts while the other has been provided on an

increased or reduced scale We have no information concerning

the physiological effects of a diminished supply of both elements.

Smce anesthesia induced by magnesium can be dispelled immedi-

atelyby administration of calcium, it is aquestionhow the syndrome
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of magnesium deficiency would be affected by a concomitant cal-

cium deficiency. The symptomatologies and associated blood

pictures of both magnesium deficiency (20-23) and calcium de-

ficiency (24, 25) are known, so that any change in one under the

influence of simultaneous deprivation of the other should be readily

recognized. Accordingly, these considerations prompted the

production of an experimental condition in which a deficiency of

calcium was superimposed upon a magnesium deficiency, with the

thought of ascertaining whether one syndrome would predominate,

whether one would nullify the manifestations of the other, or

whether absence of both elements would intensify the syndrome

characteristic of each. Specifically, the questions were raised

whether tetany would prevail, and whether the course of nutritive

failure manifested m magnesium deficiency w^ould be modified

by simultaneous lack of calcium.

Technique and Methods

In all essential details we adhered to the plan which has been

previously described for the selection of the animals and for the

preparation of the diets (22)

The composition of the salt mixture and of the diets is given.

Salt Mixture

KCI 1 0

NaHCOg 0 7

Fe2(SO^)3 (NH4)2S04-24H20 0 508

KH2PO4 1 7

NaCl 0 5

Total 4 408

Diet Deficient in Both Calcium and Magnesium

Casein . 20 0

Starch 57 6

Salts 4.4

Butter fat 8 0

50 per cent^ilcoholic yeast extract, 100 cc in 100 gm. of ration, viosterol,

15 drops per kilo of ration

This ration contains approximately 0 002 per cent of calcium and 0 0002

per cent of magnesium
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Control Diet

Casein ... 20 0

Starch. 55 56

Salts . .,44
Butter fat . .80
CaCOs . .15
MgS04 7H^O 0 545

50 per cent alcoholic yeast extract, 100 cc in 100 gm of ration; viosterol,

15 drops per kilo of ration

This ration contains approximately 0 61 per cent of calcium and ap-

pro.ximately 0 054 per cent of magnesium.

The only deviation from the previous program of blood analysis

(21) was the inclusion of one additional determmation, plasma pH,

which was made by the method of Laug (26),

Results

Symptomatology—As the first indication of abnormahty, young

dogs deprived of both calcium and magnesium showed an extra-

ordinary alteration in the appearance of their extremities. After

3 to 5 weeks, depending upon the imtial age and growth tendencies

of the animals, the extremities from the region of the proximal end

of the metatarsals downward mcreased in size and the phalanges

began to spread apart These changes progressed as the survival

period was prolonged, until finally the fore extremities were bent

sharply at the wrist joint into a right angle; this deformity reduced

the height of the fore half of the animal and shifted forward the

posture

Concomitant with the change in the extremities, a gastromtesti-

nal disturbance, which was characterized by periods of diarrhea

followed by constipation, set in. As the sur\aval period extended,

the failure of intestmal elimination was often prolonged as much
as 10 to 15 days. When excretion finally occurred, the feces were

formed and black or, as was sometimes the case, they consisted of

copious discharges of dark, watery material containing some mucus

and often flecks of blood. Autopsy revealed atonic, edematous,

inflamed intestines with small diffuse hemorrhages oozmg blood

from the mucosal surfaces. Throughout the entire period of the

deficiency no irregularity appeared in the output or coloration of

the urine such as was noted m magnesium deficiency (22).

The food consumption suffered a decline after 4 to 6 weeks, and
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continued slowly to dimmish as the deficiency progressed (Table I).

Although the control animals consumed 1000 to 2000 gm. of ration

a week from the 8th to the 12th week, the experimental animals

durmg this time ate only 350 to 600 gm. a week. The muscles

of the latter became atrophic, body fat disappeared, and the hair

became rough and shaggy; but there was no loss of hair as is

characteristic of magnesium deficiency (22).

Edema was evident in the ears after 6 to 10 weeks. Following

its sudden appearance the swellmg was sometimes so pronounced

after a few days that the ears became pendulous, and it persisted

throughout the remainder of the survival period with vanations in

intensity. At times it almost disappeared, only to reappear with

marked severity.

Simultaneously with the appearance of edema came a pro-

nounced protrusion of the eyeballs, which once established never

abated. Lacrimation occurred only in tetanic attacks. The
exophthalmos was a quite striking feature of the calcium-mag-

nesium syndrome and was entirely absent m the simple magnesium

deficiency.

After the animals had been on the deficient diet from 3 to 6

weeks, gross changes m the bones appeared The ribs became so

soft that the thorax contracted in its transverse diameter and

elongated in its anteroposterior diameter, a circumstance which

gave undue prominence to the sternum. Accompanying the

softening and consequent deformation of the nbs, slight bowing

of the fore legs was seen. Evidence of marked bone resorption

was demonstrable by radiograms and autopsy. Sections of the

bones revealed much bloody material in the marrow cavity and

greatly rarefied shafts. Fmally, the bones and joints were so

severely affected that they constituted a mass of softened tissues

Whereas hyperimtability of the nervous system is an early

manifestation of magnesium deficiency, marked passnuty to ordi-

nary stimuli was the rule at first m animals deprived of both cal-

cium and magnesium. Indeed, m most of the dogs it persisted

throughout the experimental period

In some instances, however, this stability was eventually lost.

After only 26 days on the diet deficient m magnesium and cal-

cium, one ammal suddenly succumbed to an attack of tonic-clouic

convulsions which lasted 26 hours with only infrequent and short
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intervals of abatement The convulsions were characterized by

lacrimal secretion, champing of the jaws, alternate flexion and

extension of the extremities, and labored respiration which m-
creased in rate as the seizures gamed in severity* In this animal

the serum calcium was 10 34 mg, per cent and the magnesium was

1,47 mg. per cent 3 days previous to the attack. Death by respira-

tory failure came 26 hours after the onset of hypenrntability.

Another dog survived 8 weeks without outward mdications of

hyperimtability before it was seized by tonic-clonic convulsions.

This attack wore off in 3 to 4 hours Thereafter the animal re-

mamed unable to stand, apparently due to weakness and spastic

paralysis of the hind extremities. After 5 to 6 days, partial con-

trol of the hind legs was attained. The animal was in such an

enfeebled condition, however, that a respiratory mfection seemed

imminent Death occurred on the 8th day Autopsy revealed a

pulmonary congestion which might have been caused by aspiration

during the earlier convulsions. In this dog the serum calcium was

7 32 mg per cent and the serum magnesium was 0.63 mg. per cent

1 week before the attack.

As the survival period was prolonged, the remaming animals,

still free from hypenrritabihty, ate progressively less. Instead

of being alert and active, as was characteristic of their controls,

they remamed very quiet, mdeed usually somnolent. The sur-

vival period of these animals, six in number, averaged 126 days and

varied between 116 and 148 days (Table I) The final weeks were

marked by extreme exhaustion. Death was without violence,

except for one dog which died apparently in hypoglycemic con-

vulsions.

In marked contrast to these frank symptoms of calcium-mag-

nesium deficiency m young dogs, was the lack of manifestations

in an older dog during a similar period of expermientation This

ammal, an adult terrier (Dog 75), was subjected to the diet de-

ficient in magnesium and calcium 177 days without exhibitmg any

of the typical s3onptoms However, its serum calcium and mag-

nesium diminished to subnormal values (Table II). In spite of

the stress imposed by the rigorous exclusion of calcium and mag-

nesium from the ration, the bones of the animal remamed hard

and well calcified, as judged by gross inspection

Chetmcal Changes in Blood—A diminution in the magnesium
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content was the first change in the blood of the animals deprived

of caleram and magnesium; in some cases the decrease during the

1st week amounted to 75 per cent (Chart 1). During the ensuing

4 to 5 weeks the magnesium values continued to decline progres-

sively until they reached minimum values, at which level there-

Table II

Effect of Calcium-Magnesium Deprivation on Calcium and Magnesium
Content and Ga-Mg Ratio of Blood

Summarized weekly values for dogs on the calcium-magnesium-deficient

diet contrasted with those for control dogs receiving the same diet supple-

mented with calcium and magnesium salts

Diet

No of
consecu-

tive
weeMy
determi-
natiQua

Dog No

Ca, mg per 100 cc
serum

Mg, mg per
100 cc serum Ca Mg

Mean

Maximum Minimum
Maximum Minimum

1

S

i
Minimum

Calcium- 71-b 9 9 15 11 70 7 60 0 78 1 66 0 59 12 24 15 58

mag- 72-c & 9 34 7 32 1 01 1 95 0 63 10 18 13 62

nesium- 14 74-b c? 9 44 11 24lata0 86 1 24 0 55 11 49 8 76

defi- 18 75 9 9 03 11 75 7 07 0 82 1 30 0 42 11 62 19 59 9 18

cient 11 77-b 9 9 15 11 18 8 20 0 86 1 08 0 67 12 27 9 44

15 78-b d* 8 70 7 28 1 15 0 52 12 48 14 83 9 26

5 9 75 11 01 8 21 1 34 0 50 12 21 18 16 8 06

14 81 <? 9 65 7 70 1 51 0 43 18 18ii
Average 9 28 11 86 8 12

Oa and 15 73-b 9 12 32 13 32 2 04 2 54 1 43 6 21 7 57 4 93

Mg 19 76-b o’ 11 86 12 89 10 97 1 $3 2 10 1 56 6 54 7 83 5 72

added 15 79-b 9 13 06 1 84 2 26 6 62 7 79 4 88

14 82 9 12.11 13 48 1 78 2 11 1 56 6 84 7 57 6 08

Average . 13 19 1 87 2 25 1 64 6 55 7 69

after they remained essentially fixed. By the 5th week all the

figures for magnesium, with one exception, were less than 1 mg.

per cent of serum; afterwards the values remained between 0.6

and 0.8 per cent. In marked contrast to the lowering of serum

magnesium in the dogs on the ration deficient in magnesium and

calcium, the concentration of this element in the control dogs
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Chart 1. Changes in inorganic constituents of blood in dogs restricted

to the calcium-magnesium-deficient diet, contrasted with values for a
control dog on the calcium-magnesium-deficient ration with added calcium

and magnesium salts. D represents the weekly figures for calcium; C,

for magnesium; B, for the Ca Mg ratio as derived from the values found;

and Aj for inorganic phosphorus In each case the curves with the solid

lines mdicate the values for animals deprived of calcium and magnesium;
that with the broken line, values for the control dog receiving adequate
calcium and magnesium in the diet The numeral at the termination of

each curve is the identification number of the dog

throughout the experiment ranged between 1.78 and 2.04 mg. per

cent with an average level of 1 84 per cent (Table II).
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Unlike serum magnesium with its rapid decline, the serum cal-

cium concentration did not decrease so readily m the experimental

group, since initial values of 11 to 12 mg. per 100 cc. of serum

prevailed in all animals, except one, for 3 to 4 weeks (Table II

and Chart 1). After this lapse the values diminished to 10 mg.

or less. In the exception to this trend (Dog 72-c) there was a drop

to 9 9 mg. in the 2nd week; this animal, it should be noted, suc-

cumbed to the inadequate diet in only 9 weeks. Throughout the

experimental period the control animals had serum calcium values

averaging about 12 mg per cent It is true that serum magnesium

and serum calcium suffered decline m dogs deprived of these ele-

ments, but it should be noted that calcium underwent a less rapid

and a less severe decline. Since the serum values for the two ele-

ments were not lowered to the same degree, the ratio of calcium

to magnesium shifted. Specifically, the ratios for the four control

dogs varied between 4 88 and 7.83, with an average of 6 56; in

contrast, the figures for the experimental animals ranged between

5 03 and 19 59, with an average of 11.86 (Table II and Chart 1).

Among the inorganic constituents of blood affected by the cal-

cium-magnesium deficiency were inorganic phosphorus of the

serum and chlorides of whole blood. Usually serum phosphorus

varies inversely with serum calcium, so that diminution of the

latter in the experimental animals would seem to portend an eleva-

tion of phosphorus, or at least maintenance at a normal level.

Actually, inorganic phosphorus did remain normal throughout

almost the entire course of the deficiency, only to reach subnormal

values m the terminal stages (Table III and Chart 1). The course

of chlorides of whole blood, on the other hand, was different. Al-

though serum sodium remamed unchanged after the diet deficient

in magnesium and calcium, chloride values mounted significantly

(Table III), owing perhaps to the alterations in red cell volume.

As the deficiency was prolonged the red blood cell volume suffered

a decrease For example, the mean red cell volume of a control

dog was 46, but it was only 37 and 38, respectively, for two dogs

deprived of calcium and magnesium (Table III)

In dogs deprived only of magnesium there is no indication of

diimnished alkali reserve (21). In contrast, the animals subjected

to magnesium-calcium deficiency suffered a slight, but significant,

lowering m the carbon dioxide capacity and pH of the plasma
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(Table IV). Although Table IV does not indicate the rate of

change, it may be stated that the values for carbon dioxide-com-

bining power follow the general trend of those for serum calcium

(Chart 1). An average of the values for carbon dioxide capacity

during the entire period of calcium-magnesium deficiency

amounted to 41.9 and 41.4 volumes per cent, respectively, for

Dogs 81 and 80, the average was 44 7 volumes per cent for the

control, Dog 82. This diminution in alkali reserve paralleled the

Table IV

EjSt^ct of Calcium-Magnesiuin Deprivation on Alkali Reserve and Plasma
Proteins of Blood

Values for Dogs 81 cf and 80 9 on the calcmm-magnesium-deficient

diet compared with those of a control, Dog 82 9, on the calcium-mag-

nesium-deficient diet with added calcium and magnesium salts These

values were obtained by weekly determinations extending over 14 weeks

in the case of Dogs 82 and 81 and 5 weeksm the case of Dog 80

Weight, kilos
R b c , vol per
cent of plasma

COa capacity,
vol per cent
of plasma

pH of plasma

Dog
82

Dog
81

Dog
80

Dog
82

Dog
81

Dog
80

Dog
82

Dog
81

Dog
80

Dog
82

Dog
81

Mean , . . 8 33 3 38 41 35 37 44 7 41 9 41 4 7 53 7 48

Maximum 10 90 5 23SEE52 45 42 52 2 52 2 42 8 7 58 7 60 7 54

Minimum 4 55 2 95 2 50 32 32 33 4 39 0 7 48 7 39 7 46

Fibnnogen,
per cent

Albumin,
per cent

Globulin,
per cent

Total protein,
per cent

Mean 0 26 Si 4 71 4 27 4 28 1 35BP 1 44 6 32 6 81

Maximum 0 38 iia 5 23 4 73 4 47 1 81 3 25 1 72 7 07 8 44 6 43

Minimum mi Bi mg 5 72

values for plasma pH of the experimental animals. For Dogs 81

and 80, the average figures for pH were 7.48 and 7.50, respectively;

whereas the value for the control dog was 7 63 (Table IV). It

should be emphasized that these averages for both carbon dioxide

capacity and pH represent the entire period of the deficiency;

therefore they are debased and made less divergent by inclusion of

data for the first 4 weeks on the deficient diet, when no marked

difference existed between the control and the experimental

animals
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The blood lipids in magnesium deficiency show unusual altera-

tions which have been correlated with the onset of nutritive failure;

namely, total cholesterol mcreases markedly, due to high ester

values; fatty acids decrease commensurately; lipoid phosphorus

remains normal (21). This blood picture was not duplicated in

cases with magnesium-calcium deficiency. In fact, examination

Table V
Effect of Calcium-Magnesium Deprivation on Blood Lipids

Blood lipid values in a control, Dog 79-b $ ,
contrasted with those in

Dogs 78-b d* and 77-b 9 deprived of calcium and magnesium m the diet

during (a) the first 4 weeks of the deficiency and (b) the remaining 11 weeks

of the 16 weeks survival period of Dog 77-b and 11 weeks of the 19 weeks

survival period of Dog 78-b The figures represent the mean of values ob-

tained weekly during the periods indicated.

Period

Total lipid per
100 cc plasma

Fatty acids per
100 cc plasma

Cholesterol per
100 cc plasma

Cholesterol eaters

1

per 100 cc
plasma

Dog
77-b

Dog
79-b

Dog
78-b

Dog
77.b

Dog
79-b

Dog
78-6 'm, 79-§|

Dog
78-b

lst4wks on diet

5th wk on diet to

termmation of

study

mg

456

518
1

mg
1

466;

516*
1

mg

219

464

mg

289

345

mg

302

362

mg

125

328

mg

167

172

' mg

164

155
1

mg
1

i

88

135

mg

112

107

mg

124

107

mg

56

75

Free cholesterol

per 100 cc
plasma

|

Fsters as per
cent of total
cholesterol

Cholesterol esters' Idpoid P per
100 cc bloodFree cholesterol

mg mg ' mg j !

1

mgs
'

mg
1

mg

lst4wks on diet . 55 40 32 67 1 75 6 63 6 2 04 3 10 1 75 14 Oi 15 215 5

5th wk on diet to

termination of

study 65 48 60 62 2 69 0 55 6 1 65 2 23| 1 25 15 7! 15 0 14 7

of Table V and Chart 2 reveals no indication of any sigmficant

disturbance m the blood lipids of experimental Dog 78-b, for its

values are in excellent accord with those of the control anmial,

Dog 79-b. Unfortunately, experimental Dog 77-b contracted a

respiratory mfection during the 1st week of the experiment and

did not recover until the 4th week. Durmg this period its values

for total lipids, fatty acids, total cholesterol, and cholesterol esters
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WeeKs Studied While on Diet

Chart 2 Values for Iipid constituents of blood of dogs restricted to

the calcium-magnesium-deficient diet, contrasted with values for a control

dog on the same diet with added calcium and magnesium salts E repre-

sents the weekly values for total hpids (fatty acids plus cholesterol) ; 2), for

fatty acids; C, for total cholesterol, B, for cholesterol esters; and Ay for

lipoid phosphorus In each case the curves w ith the solid lines indicate the

values for animals deprived of calcium and magnesium, that ^ith the

broken line, values for the control dog receiving adequate calcium and

magnesium in the diet The numeral at the termination of each curve is

the identihcation number of the dog
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were abnormally low
; thereafter they rose. Table Y thus appears

to show for this dog a late increase in all lipid constituents, but it

is only the expected rise to the normal level, for the values from
the 5th week until death were entirely within normal limits as

cited by Glusker (27) and by Bloor (28) Thus, no significant

changes in lipid metabolism occurred as the result of calcmm-
magnesium deprivation.

Table VI

Effect of CQlcium-’Ma.gnesiufn Deprivotion on Glucose and Non-'PTolein
Nitrogenous Constituents of Blood

Values for Dogs 75 9 and 74-b on the calcium-magnesium-deficient
diet compared with those for a control, Dog 76-b cf

,
on the calcium-mag-

nesium-deficient diet with added calcium and magnesium salts These
values were obtained by weekly determinations extending o\^er 25 iveeks

in the case of Dog 75 and 20 wrecks in the case of Dog 74-b

Weight R b c , vol
per cent

Glucose per
100 cc blood

Dog
76-b

Dog
76

Dog
74-b

Dog
T6-b

Dog
75

Dog
74-b

Dog
76-b

Dog
75

Dog
74-b

kg kg kg mg mg mg

Mean 6 86 2 85 3 23 39 38 45 92 91 88

Maximum 9 43 3 29 3 52 48 49 S3 105 111 100

Minimum 3 52 2 73|2 39j 31
j

30 36
1

75 80 42

Non^protem N
per 100 cc blood

Dog
76-b

'

Dog
75

Dog
74-b

1

mg mg mg

27
'

28 ^ 28

32 33
1

48

25
1

24 24

Creatine and creatinine
per 100 cc blood

j

Preformed creatinine
per 100 cc blood

Creatine per 100 cc
blood

Dog
76-b

Dog
75

Dog
74-b

Dog
76-b

Dog
75

Dog
74-b

Dog
T6-b

Dog
75

mg mg mg mg mg mg mg mg mg

Mean 5 1 5 1 1 2 1 3 1 2 3 8 3 8 3 9

Maximum 5 6 5 9 5 9 1 3 1 4 ! 1 4 4 6 46 4 8
Minimum 4 2

]

4 1 4 0 1 0 1 1 ' 1 1 3 0 2 9 2 8

The termmal stages of the magnesium-calcium deficiency, i e

the last week or two of the survival period, were marked by a rise

in non-protein nitrogen (Table VI), which was of the same magni-

tude as that reported in magnesium deficiency. The blood sugar

remamed normal except in the terminal stages, when it diminished.

Dog 74-b had only 42 mg. per cent of glucose 6 hours before death

in hypoglycemic convulsions

Of the plasma proteins, fibrinogen rose to values approximately
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50 per cent above normal (Table IV) during the latter stages of

the deficiency. Plasma albumm and globulm remained normal.

No changes were detected in the plasma bile pigment

DISCUSSION

Before discussing the symptoms which ensue from the diet lack-

mg at once both calcium and magnesium, and whatever imphca-

tions may be gathered from them for a physiological antagonism,

it might be advantageous to consider the effects of deprivation of

each element separately, those of calcium deficiency m contrast

to those of magnesium deficiency. Of the phenomena following

upon a restricted intake of calcium, it is difficult, for two reasons,

to give a clear cut portrayal. First, since the concept of an ade-

quate diet was, as we now know, inexact and incomplete at the

time most of the studies were conducted (29-33), the rations used

then were deficient in several respects, particularly the vitamins,

therefore, the experiments are not now susceptible to rigid mter-

pretation. Secondly, failure of appetite, as a comphcatmg feature

in calcium deficiency, introduces a restricted intake, not of cal-

cium alone, but of all dietary components; this mvolvement by

partial starvation, with a symptomatology of its own, clouds the

course of the calcium deficiency. Nevertheless we shall present

those symptoms which have been displayed by ammals on low

calcium rations and which, through exclusion of possible effects of

other dietary factors, may be presumably attributed solely to lack

of calcium. They are gastrointestinal attacks characterized by
foul, bloody diarrhea, progressive anorexia, loss of weight (34),

epiphora, bone resorption, and hyperirritability of the nervous

system, often eventuatmg in tonic-clomc convulsions At least

two of these symptoms, mdicative of alteration in both bone com-

position and in neuromuscular response, deserve more than casual

mention.

As judged by chemical and especially by microscopic examina-

tion, the bone changes resultmg from calcium deficiency may
assume now the form of osteoporosis, now that of rickets; between

these two extremes the pathological picture may partake of all

intermediary gradations and complex combinations (24, 25, 35,

36). This variability m effect may be readily understood when
it IS remembered that the bone is sensitive to the relative propor-

tions of calcium and phosphorus, and the presence of vitamin D or



Day, Kruse, and McCoUum 353

sunlight (37). When these factors concerned in the development

of bone are imperfectly balanced, they determine whether osteoid

tissue shall be formed in slight or in lavish amount, whether the

bone elements shall be distributed in a regular or disorderly state,

whether calcium deposition shall be induced or checked, or even

be supplanted by resorption; m short, whether the changes

m bone morphology shall be directed towards osteoporosis or

rickets.

In affecting the nervous system, calcium deficiency brings on
hyperexcitability with tomc-clonic convulsions, the symptom com-

plex designated as tetany. Loeb (4), from the reactions of iso-

lated muscle-nerve preparations, mdicated that the irritability of

the nervous system is under the sway of four elements: sodium,

potassium, magnesium, and calcium. The lowered blood cal-

cium, demonstrated later m parathyroid tetany (38) and in infan-

tile tetany (39) ,
fell into agreement with this view. As significance

became attached m due course to ionic calcium in the blood, as

the factors mfluencing its concentration were deternuned, and as

conditions favorable to lowermg the concentration were recogmzed

in the several forms of tetany, both old and new, the tendency,

now known to be misdirected, was to attribute all forms of tetany

to disturbed blood calcium. Despite the similarity in lowered

calcium level of the blood, the syndrome of calcium deprivation in

animals differs from mfantile tetany, the most common chnical

form of tetany, in its mode of onset and in the pattern of hyper-

irntabihty and convulsions. Perhaps the difference is explained

by the rate of change in blood calcium level m the two conditions:

calcium deficiency is characterized by a gradual depletion of the

calcium stores in the body and by the slow but progressive lowering

of the blood calcium, infantile tetany, on the contrary, is char-

acterized by the abruptness of a downward shift ui blood calcium

m a settmg of preexistmg rickets, a kaleidoscopic turn of events

that has been successfully simulated m animals (40-45). Just as

plausibly the difference might be due to anorexia which ushers in

partial mamtion with its own distmctive symptomatology, for

consequent loss of weight is usually conspicuous in calcium defici-

ency and animals not infrequently die from the nutritive failure

rather than from comnilsions

Like calcium deficiency, magnesium deprivation acts predomi-

nantly upon the osseous and nervous systems, yet the effects m
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the two conditions bear no resemblance. An initial hypercalci-

fication of the bones, due to calcium retention, which is the imme-
diate response to magnesium deficiency, later gives way to normal

deposition of calcium as calcium excretion resumes (1, 2). The
nervous symptoms, hyperirritability, vasodilatation, and tonic-

clonic convulsions, which comprise magnesium tetany, represent

a syndrome which is separate and distinct from other forms of

tetany (20, 23). Vasodilatation imparts a florid appearance to

such skin areas as are readily visible, particularly the inner aspect

of the ears, the nail beds, tongue, conjunctiva, and buccal mucosa

(22). The ears, at first swollen and spongy, later become thick,

leathery, and mottled. H3^erexcitabihty, particularly to audi-

tory stimuli, mcreases until it is so pronounced that any undue

noise may release comuilsive seizures, tonic and clonic in char-

acter. Successive convulsive attacks are punctuated by brief in-

termissions for recovery from exhaustion In such an mterval, the

animal, while apparently on the way to recovery, usually suc-

cumbs. Appetite, as judged by food mtake, is little altered

throughout. If the survival period is sufficiently prolonged,

nutritive failure appears with slight decline m weight Regard-

less whether nutritive failure has set m, convulsions always carry

off the animals With these symptoms of magnesium tetany may
be correlated the blood changes; serum magnesium undergoes a

prompt and rapid decline until it reaches an extremely low level

where it usually remains stationary. On the other hand, calcium,

phosphorus, pH, carbon dioxide capacity, and chlorides yield

only normal values

With these two syndromes in mind, it is not difficult to ascertain

points of similarity and difference which the magnesium-calcium

deficiency bears to each of them In animals deprived of both

calcium and magnesium, there appeared gastromtestmal disturb-

ances in which prolonged obstipation was followed by severe

diarrhea with copious discharges of mucous, blood-flecked fluid

At the same tmie, progression anorexia set in, whereby diminished

intake of food led ultimately to declme in weight. In the bones

of those animals with sufficiently long survival periods, there was

marked osteoporosis as evidenced by resorption In reference to

the nervous system, two animals were hypenmtable: one died in

convulsions; the other deonloped transient spastic paralysis of the



Day, Kruse, and McCollum 355

hiiid extremities following a convulsive attack. What is more
important, however, the other six animals were not even active

and alert, but quiet and somnolent The survival periods of

these dogs subjected to a diet with a magnesium-calciuni deficiency

were much more protracted than those of animals on a mag-
nesium-deficient diet. Thus the symptoms of magnesium-cal-

cium deficiency, diarrhea, anorexia, nutritive failure, osteoporosis,

marked passivity to stimuli, and prolonged survival period, par-

take predoimnantly of a calcium deficiency, to the exclusion of

those charactenstics peculiar to magnesium deficiency. Simi-

larly, the blood changes of calcium-magnesium deprivation, in the

main, do not adhere to those of magnesium deficiency. True, both

show dinunished serum magnesium, but the decrease m calcium,

phosphorus, pH, and carbon dioxide capacity, and the increase

in fibrinogen (46) and chlorides, displayed in the magnesium-cal-

cium deficiency, are changes not seen ui magnesium deficiency

and probably are characteristic of calcium deficiency. Thus both

in symptomatology and blood changes, the magnesium-calcium

deficiency resembles, qualitatively at least, calcium deficiency,

with little that is characteristic of magnesium deficiency

Concermng a physiological antagonism between calcium and

magnesium, the evidence drawn from the effects of an excess or of

an inadequacy of one element upon the other, as revealed by bone

composition or metabolic data, has been cited (1, 2). For judg-

ment of the operation of an antagonism in the i^resent study on

the magnesium-calcium deficiency, we are limited to consideration

of symptoms and blood data. When either calcium or magnesium

m the blood is sufliciently low, the result is tetany. If deprivation

of either element singly can bring about this condition, it would be

expected that a dinunution m the blood level of both elements,

occasioned by the magnesium-calcium dietary deficiency, would

lead to a more rapid onset and a more severe course of tetany

Consider the swift, stormy sequence of events in magnesium

deficiency, with its early hyperimtability, its comparatively short

survival period, and its violently fatal comnilsions. Any tetany

that calcium-magnesium deprivation would ipdiice nught be ex-

pected to transcend even that of low magnesium But the symp-

tomatology does not bear out this expectation. No h;^q)erexcit-

ability is evident in the animals deprived of both calcium and
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magnesium at a time when animals deprived of only the latter

element would have already manifested marked changes. Indeed

it is significant that, in the magnesium-calcium deficiency, a long,

completely passive survival period with a non-convulsive death is

the rule. If tetany does appear, it is more like that of the low

calcium type. Perhaps the outstanding feature of calcium-mag-

nesium deprivation is the complete obliteration of the rapidly

moving and fatal tetany characteristic of lack of magnesium.

Tetany had not appeared when changes in the blood calcium and

magnesium were indicative of it. Whether lessened alkahmty

in the blood or anorexia has contributed to the mechanism is un-

known. In any event, it is evident that simultaneous deprivation

of calcium and magnesium has operated, not in mtensifymg the

severity of tetany, but in repressing it to the point of extinction.

The lack of calcium has so counterbalanced the lack of magnesium

that spectacular nervous symptoms scarcely ever occur. These

data offer additional evidence in favor of the so called physiological

antagomsm of calcium towards magnesium.

Finally, although representative blood constituents are so un-

altered as to provide no clews, symptoms reveal that nutritive

failure is more pronounced in calcium-magnesium deprivation than

in magnesium deficiency alone. The onset of fatal convulsions in

the magnesium syndrome, it will be remembered, prevented

nutritive failure from exerting its full effect. However, the mter-

vention of partial starvation into the course of calcium-magnesium

deficiency acts to make nutritive failure m it a more gradual and

prolonged process, responsible even for death. On the part of

blood chemistry, magnesium deficiency did show significant

changes, for there the course of nutritive failure was correlated

with concomitant alterations in the level of the blood lipids.

After serum magnesium had reached its low point, total choles-

terol underwent a marked increase, fatty acids, on the contrary,

suffered a commensurate decrease, so that total fat, the calculated

sum of cholesterol and fatty acids, remained constant. Smce the

increase m total cholesterol was due largely to the rise in values

of its ester fraction^ the percentage of total cholesterol in the ester

form was unusually high. In calcium-magnesium deficiency,

these constituents did not show this behavior. Compared with

control as well as published normal values, with due allowance for
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age and diet (27, 28), none of the blood lipids suffered any change

as the result of the magnesium-calcium deficiency. It is probable

that partial starvation imparts low lipid values to calcium defi-

ciency, a circumstance which, m the magnesium-calcium defi-

ciency, effectively offsets the peak values accompanying

magnesium deprivation This explanation lies, of course, m the

realm of pure conjecture. Certainly calcium deprivation with its

inevitable inanition, when superimposed upon magnesium restric-

tion, modifies the course of nutntive failure and its associated blood

changes as they are seen in magnesium deficiency.

SUMMARY

The symptomatology and blood chemical changes have been

observed in young dogs receiving a diet deficient in both calcium

and magnesium, but otherwise adequate The dietary deficiency

IS manifested by edema, gastrouitestmal disturbance with alternate

constipation and diarrhea, osteoporosis with consequent deforma-

tion of the bones, in a few cases by hyperirritability of the nervous

system, which led to fatal convulsions, but in the majority of cases

by a marked inertness, and anorexia which usually led to death by
consequent manition. The blood chemical data, obtained by week-

ly analysis throughout the survival period, reveal an immediate de-

crease m serum magnesium quantitatively similar to that which

induces tetany in magnesium depnvation. Serum calcium like-

wise diminished to levels usually mdicative of tetany. Alkali

reserve and pH diminished; blood chlorides mounted as the ery-

throcyte volume fell; fibrinogen increased; terminally inorganic

phosphorus decreased and non-protem nitrogen rose. Significant

changes did not appear in serum sodium and potassium, plasma

total lipids, fatty acids, total cholesterol, cholesterol esters, lipoid

phosphorus, serum bile pigment, and plasma albunun and globulm

In comparing the effects of the calcium-magnesium deprivation

on the one hand with those of calcium and magnesium deficiencies

individually on the other hand, it was evident that the deficiency

in both resembled more closely the low calcium syndrome. From
symptoms and blood data it was possible to consider the so called

physiological antagomsm between calcium and magnesium- It

was pointed out that simultaneous diminution of serum calcium

prevented symptoms of magnesium tetany as serum magnesium
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reached abnormally low levels Fmally, it was determmed that,

on the basis of symptoms, nutritive failure was more pronounced

in the magnesium-calcium deficiency than m magnesium restric-

tion alone

BIBLIOGRAPHY

I Kruse, H D
, Schmidt, M M

,
and McCollum, E V

,
/ Biol. €hem

,

106, 553 (1934)

2. Orent, E B, , Kruse, H. D., and McCollum, E V , 7 Biol Chem
, 106,

573 (1934)

3 Loeb, J
,
Beitr, Physiol

,
Festschrift fur Adolf Fick, 99 (1899)

4 Loeb, J
,
Am J. Physiol

, 3, 383 (1900)

5. Loew, O ,
Floroj 76, 368 (1892).

6 Moore, A., Am J. Physiol
, 4, 386 (1901)

7. Loeb, J ,
J Biol Chem

, 1, 427 (1905-06)

8 Meltzer, S J., and Auer, J
,
Am J Physiol

, 21, 400 (1908)

9 Malcolm, J , J. Physiol
, 32, 183 (1905)

10. Mendel, L. B ,
and Benedict, S R

,
Am J Physiol

, 26, 23 (1909)

II Pribyl, E ,
Compt rend Soc hiol

, 102, 258 (1929),

12 Mendel, L. B
,
and Benedict, S. R

,
Am J Physiol

, 26, 1 (1909)

13 Hart, E B ,
and Steenbock, H

,
J Biol Chem

,
14, 75 (1913)

14 Palmer, L S ,
Eckles, G. H ,

and Schutte, D, J ,
Proc Soc Exp Biol

and Med , 26, 58 (1928)

15 Mounquand, G., Leuher, A ,
and Roche, A

,
Compt rend Soc biol

,

107, 676 (1931),

16 Meyer zu Horste, G., Monatschr Kmderh
, 64, 203 (1932)

17. Villuis, F , Compt rend, Soc, hiol,, 110, 469 (1932)

18. Weiske, H , Z Biol., 31, 421 (1895)

19 Elmslie, W P , and Steenbock, H
,
J, Biol Chem

, 82, 611 (1929)

20 Kruse, H D
,
Orent, E R

,
and McCollum, E V , / Bxol. Chem ,

96,

519 (1932).

21 Kruse, H. D , Orent, E. R ,
and McCollum, E V , «/ Biol Chem

,
100,

603 (1933)

22 Orent, E. R ,
Kruse, H D , and McCollum, E V ,

Am J Physiol ,

101, 454 (1932)

23 Kruse, H. D ,
Schmidt, M M , and McCollum, E V

,
Am J Physiol

,

106, 635 (1933)

24 Findlay, L
,
Paton, D N ,

and Sharpe, J S., Quart J Med
, 14, 352

(1921)

25. McCollum, E V
,
Simmonds, K

,
Shipley, P G

,
and Park, E. A

,

Am J Hyg
, 1, 492 (1921).

26 Laug, E P
,
/ Biol Chenuy 88, 551 (1930).

27 Glusker, D ,
J Biol, Chem

,
88, 381 (1930).

28 Bloor, W R , J. Biol Chem , 96, 633 (1932)

29 Chossat, M ,
Compt, rend Acad

, 14, 451 (1842)

30 Edwards, A, M
, Compt, rend, Acad , 62, 1327 (1861)



Day, Kruse, and McCollum 359

31 Forster, J*, Z. BtoL, 12, 464 (1876)

32 Voit, E ,
Z. Biol., 16, 55 (1880).

33 Aron, H
,
and Sebauer, R

,
Biochem, Z ,B,1 (1908)

34 Osborne, T. B ,
and Mendel, L. B

, Biol Ckem
, 34, 131 (1918)

35 McCollum, E, V., Simmonds, N., Kinney, M
,
Shipley, P, G

,
and Park,

E A,Ani.J Hyg., 2, 97 (1922).

36. Pappenheimer, A.M
, McCann, G. F

,
and Zucker, T. F

,
J Exp Med

,

36, 421 (1922)

37 McCollum, E V
,
Simmonds, N

, Shipley, P G
,
and Park, E. A

,
Bull.

Johns Hopkins Hasp
, 33, 296 (1922).

38 MacCallum, W G
,
and Voegtlm, C., J Exp Med

,
11, 118 (1909)

39 Howland, J
,
and Marriott, W McK

,
Quart J Med

, 11, 289 (1918)

40 Karelitz, S
,
and Shohl, AT,/ Biol Chem

, 73, 665 (1927)

41. Shohl, A. T
,
and Bing, F C,Am J. Phijstol

, 86, 633 (1928).

42 Shohl, A. T
,
and Browm, H B., J Biol. Chem

, 84, 501 (1929).

43 Shohl, A T
,
Brown, H. B., Rose, C S

,
Smith, D N

,
and Cozad, F

,

/ Biol Chem
, 92, 711 (1931).

44 Hess, A. F
,
Wemstock, M

, Benjamin, H. R
,
and Gross, J., /. BioL

Chem
,
90, 737 (1931).

45 Shohl, A T
,
Brown, H. B

,
Chapman, E E

,
Rose, C S

,
and Saurwem,

EM,/ Biol. Ckem
, 98, 215 (1932)

46 Foster, D P
,
and Whipple, G H

, Am J Physiol
, 68, 407 (1922).





DERIVATIVES OF KERATIPf
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In an earlier paper the authors (1) expressed the view that kera-

tins are fibrous proteins whose characteristic properties are essen-

tially determined by the S—S groups of cystine which act as very

firmly established cross links umting the elementary fibers of poly-

peptide chains. This view was based on the action of certain

alkalme reductants which could be showm to reduce disulfides and
convert keratin mto an amorphous protein soluble in w^eak alkalies,

digestible by true proteases, and in which the sulfur is m the sulf-

hydryl state The important r61e of the disulfide bond had already

been emphasized by Speakman and Huist (2) and Astbury (3) on

the basis of their chemical and physical studies, including x-ray

diffraction patterns of keratms.

Since keratins have a very high percentage of disulfide sulfur

(10 to 15 per cent cystme) and may readily be reduced to sulf-

hydryl protems by alkaline thioglyeolate, we realized that this

reduced protein might be a useful material for study as an example

of a sulfhydryl protem. We were particularly interested m study-

ing the properties of derived protems formed by substitution in

the sulfhydryl group by reaction with organic halogen compounds

according to the following scheme.

A~SH + R—X A—S—R + HX

This reaction occurs with great ease at neutral to mddly alkalme

reaction, and has already been applied to protems for different

reasons by Mirsky and Anson (4) and Goddard and Schubert (5).

Although organic halogen compounds can react with amino groups

accordmg to Michaelis and Schubert (6), we will show" that it has

been possible under certain conditions to substitute completely

* National Research Fellow in the Biological Sciences.
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362 Derivatives of Keratin

the suKhydryl groups of the protein of reduced wool keratin, with-

out substituting amino groups.

The protems studied are the suKhydryl protein obtained by the

alkaline thioglycolate reduction of wool, this protein after it has

been reoxidized to the disulfide form, and the substituted protems

formed by reaction of the suKhydryl protem with iodoacetic acid,

iodoacetamide, iodoethyl alcohol, and ct-bromopropionic acid, at

mildly alkalme reaction. The disulfide protein may be formed by
reoxidation of the suKhydryl protein at neutral reaction by the air

or ferricyanide. As to the nomenclature of these proteins, we may
designate the reduced keratm as kerateine, and the reoxidized,

amorphous kerateine as metakeratm. By reaction of kerateine

with iodoacetate we obtained a carboxymethylkerateine; with

a-bromopropionic acid, a-carboxyethylkerateine; with iodoethyl

alcohol, hydroxyethylkerateme; with iodoacetamide, carbamyl-

methylkerateine.

None of the derived keratins has been obtained in a strictly pure

state, nor may they be considered as chemical entities. It is

not even likely that the keratin of a single hair is a homogeneous

chemical substance. Furthermore, it should be borne in mind
that the reduction of the disulfide group by thioglycolate is a

reversible reaction, and its completeness depends on the excess of

the reductant applied, and that the reaction with the halogen com-

pounds can proceed only to that extent to which the S—S group has

been previously reduced. In the preparation of a substituted

protem the non-reduced, non-substituted residue <?an be deter-

mined as cystine by applying the Folin-Marenzi method to the

hydrolysate. The substituted sulfur does not react in this method.

The analytical data for these protems and wool are presented

in Table I. It will be seen that the S and N are similar to the

values of wool, and secondly, that nearly all the cystine has been

reduced and substituted.

Proceeding to the isoelectric pomts and solubilities of these

derived proteins, it should be interesting to compare native wool

with the derived proteins in this respect. There is no agreement

as to the isoelectric point of native wool Elod and Silva (7), from

swelling experiments and changes in the pH of solutions in which

wool was allowed to come to equilibrium, determined the iso-

electric point to be 4.9. This is in agreement with the recent result
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of Dumanski and Dumanski (8) of 4 9 obtained by deflections of

wool fibers in an electrical field. Speakmaii (2) denies that wool

has any distinct isoelectric point and acknowledges only a wide

isoelectric zone of 5 0 to 7 0. Harris (9) has determined the iso-

electric point of wool as 3 4 by cataphoresis of wool particles.

This disagreement makes the comparison with the derived proteins

difficult In these derived proteins there is no difficulty in deter-

minmg the isoelectric point with the flocculation method (10).

Kerateine and metakeratm prepared from wool have isoelectric

pomts m the region 4.6 to 4 7. Carboxymethylkerateine and

Qi-carboxyethylkerateine have much lower isoelectric points, as

would be expected from introduction of the carboxyl groups.

Carbamylmethylkerateine has a slightly higher isoelectric point,

while hydroxyethylkerateine has the same isoelectric point as

kerateine. The change in isoelectric pomts and solubilities of

these derived proteins are what would be expected from the chemi-

cal nature of the substituted groups.

A comparison of the solubilities of these compounds shows the

following features. Wool is insoluble in all acids and bases except

m so far as it is hydrolyzed. Wool dissolves readily m alkaline

solutions of NaCN, ]S’a2S, and thioglycolate (1), but in all these

cases the fibrous pattern is irreversibly destroyed. Metakeratm

and kerateine of wool are dissolved readily in weak (0 1 m) NaOH,
Na2C03, and NH4OH. They are msoluble in sodium acetate,

water, and neutral salts, and slightly soluble in dilute HCl. Stable

neutral solutions containmg several gm. of metakeratm in 100 cc,

may be obtamed by dialyzmg the alkalme solution. These solu-

tions are precipitated by traces of acetic or other acids, and once

precipitated are as difficulty soluble as the undialyzed metakeratm.

Carboxymethylkerateme and carboxyethylkerateine are very

readily soluble not only in solutions of NaHCOa and dilute HCl,

but even in a solution of sodium acetate. Carbamyhnethylkera-

teine has the same solubihty in alkalies as kerateine, but is much
more soluble in dilute HCl than is kerateme The solubility of

hydroxyethylkerateme is similar to kerateme

Determmations of free ammoN of some of our preparations were

performed by the method of Van Slyke (11) in the constant volume

apparatus. The mam purpose of this analysis was to show

whether under the conditions of our work a substitution of the H
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atoms of the ammo group occurred by reaction of kerateine with

iodoacetate, which could be imagmed according to the results of

Michaelis and Schubert with simple ammo acids (6), The figures

show definitely that no detectable substitution of amino groups

occurred, even m a period of 40 hours at a pH about 9 0 to 9.5.

This is of mterest to the general problem as to the point of attack

of iodoacetate on the enzymes which it poisons.

As regards the percentage of ammo nitrogen, Van Slyke and

Birchard (12) found that in several proteins the free amino N was

equal to half the lysine nitrogen, with the exception of gliadin m
which it is much higher The free ammo N, as determined by the

Van Slyke method on metakeratm and several derived kerateines,

]s somewhat higher than would be expected from the published

values of the lysine content of wool of 2 2 (13), 2 3 (14), and 2 8 (15)

per cent. If we take the nitrogen content of wool as 16.5, then the

percentage of free anuno nitrogen referred to total nitrogen should

lie 1 8 to 2 3 per cent, depending upon the value assumed to be the

correct lysine value. We find that 4 7 to 4 9 per cent of the totalN
IS free amino N in our preparations.

It is not likely that the whole substance of a hair, even disregard-

ing any pigment, represents a single homogeneous protein The

usual method of separating a natural protem mixture into its com-

ponent parts IS the fractional precipitation with salts. Such a

method obviously cannot be used for an insoluble protein such as

keratin. Even for kerateine and metakeratin the solubility is too

low for an attempt of fractionation But the much wider range

of solubility of some of the derived protems makes possible frac-

tional precipitation. Carboxymethylkerateine was fractionated

with ammonium sulfate from solution of the protein in 0 1 m
sodium acetate. The fractionation led to two fractions; one

which contained the major bulk of the origmal protein and had

a similar content of S, N, and ammo as the original protem; and

a second small fraction, Fraction B, which showed higher S and

lower N and ammo N content Fraction A is completely pre-

cipitated from solution by 35 per cent saturation with (NH4)£S04

and gives a compact, cheese-like precipitate. This fraction is

completely insoluble at its isoelectric pomt, it does not dissolve

appreciably m dilute lactic acid or sodium lactate, but does dis-

solve readily m dilute sodium acetate or dilute HCl The other
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fraction^ Fraction B, is soluble in 36 per cent saturated (NH4)2S04,

but IB completely precipitated as a very sticky, non-flocculent

precipitate at 60 per cent saturation. It is not completely in-

soluble even at its isoelectric point and readily dissolves in an

excess of dilute lactic acid or even in sodium lactate. The high

sulfur content of Fraction B indicates that the native keratin

probably consists of two fractions, and not that the substitution

leads to two different products

One of the characteristic properties of keratin is its complete

resistance to digestion by trypsin and pepsm. But all of the

proteins prepared from wool, either as sulfhydryl, disulfide, or

substituted proteins, are as readily digested by tr3rpsm and pepsin

as are typical proteins. The resistance of keratin to digestion ls

not dependent upon the disulfide state as such, since metakeratin

is readily digested, but upon the fibrous property of the keratin,

as brought about by the spacial arrangement of the S—S bonds

Once this bond has been broken, the protein becomes digestible

by true proteases no matter what other reactions the sulfur may
undergo.

As regards the oxidation and reduction of S of these proteins,

native keratin may only be reduced at a pH of 10 or higher, but

metakeratin is reduced by the same agents at a pH of 7 to 8.

Kerateine is readily oxidized to metakeratin, even dialysis of the

protein suspended in acetate buffer at pH 4.6 leads to nearly

complete oxidation in 3 days. In an alkaline solution oxidation

is much more rapid. Within the short time required to dissolve

kerateine in ammonia, to filter, and to reprecipitate (20 to 30

mmiites), complete oxidation takes place. Such a high degree of

autoxidizibility is as a rule not encountered in other sulfhydryl

proteins according to A E. Mirsky (personal communication).

EXPEEIMENTAL

The ^^ParenV^ Protein—^For the preparation of the substituted

proteins a single batch of wool protein, essentially metakeratm

still contaming some unoxidized kerateine, was used. This pro-

tein is spoken of as the ‘^parent” protein. It was prepared essen-

tially as described by Goddard and Michaelis (1) 100 gm of

defatted but otherwise native, untreated wool are dissolved by

mechanical shaking m 2 liters of 0 5 m disodium thioglycolate (if
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the pH is maintained between 11 to 12, this takes about 3 hours).

The undissolved residue is removed by centrifugation followed by
filtration, the filtrate is precipitated with acetic acid, collected on

the centrifuge, washed with acetone, and ground m a mortar

with acetone. After freeing from acetone by a vacuum, the

protein su'spension is dialyzed in cellophane tubes until free of

salts and thioglycolic acid The dialyzed protein is washed with

acetone and dried in a vacuum desiccator. It is obtained as a

fine white powder containing about 4 per cent moisture, nearly

insoluble m water, but slightly soluble m acids, and very (but

slowly) soluble in alkali This powder has essentially the same

content of nitrogen, sulfur, and cystine as the wool from which

it IS prepared. It becomes to a great extent reoxidized on prepa-

ration. A typical preparation, hydrolyzed and analyzed by the

Mirsky and .Ajison (4) modification of the Folm-Marenzi method,

contained 12.3 per cent of total cystine (cystine + cysteme) and

3.17 per cent of cysteine. So, the sulfur, which had been prac-

tically completely reduced, has been reoxidized during the prepa-

ration to 75 per cent.

Kerateine—10 gm. of parent protein were freshly reduced under

oxygen-free nitrogen with 4 65 gm of thioglycolic acid at a pH
just pink to phenolphthalein for 2 hours. This protein was then

precipitated with trichloroacetic acid, collected on the centrifuge,

washed with acetone, transferred to a mortar, and ground three

times with acetone and three times with acid acetone, and dried

in a vacuum desiccator

Metakeratin—^The parent protein, as stated above, is a mixture

of kerateme and metakeratm. An attempt to convert this com-

pletely to metakeratm by oxidation with 3 per cent H2O2 at a

pH of about 8.5 led to a loss of cystine, and on acidification H2S

could be smelled. The cystme^ content before oxidation of the

protein was 12.27 and after 10.51 per cent.

Metakeratin without loss of sulfur may be prepared from

kerateine by oxidation in imldly alkaline solution with potassium

ferricyanide. 15 gm of parent protein were suspended in 300 cc.

1 The cystine content here includes the cysteine, for the protein hydroly-

sate is oxidized, while still acidj with 3 per cent H2O2 Then the solution is

reduced with sulfite and analyzed by the Folin-Marenzi procedure



368 Derivatives of Keratin

of H2O and M NaOH was added with constant stirring until a
faint pink color developed with phenolphthalein; after some time

the protein was completely dissolved, 0.2 m potassium fern-

cyanide was added with a burette until the yellow color did not

disappear instantly. The protein was dialyzed until acid to

litmus; this gave an opalescent solution free of precipitate, but

easily coagulated by traces of acetic acid. The protein was
precipitated with dilute acetic acid, washed with acetone, and

dried m a vacuum desiccator,

Carboxymethylkerateine and Its Fractionation—50 gm. of parent

protein were suspended m 1000 ce of water, 20 cc. of m NaOH
added, and nitrogen led through the mixture. 32 5 gm. of

thioglycolic acid were neutralized to phenol red and 250 cc. of

3 4 m: phosphate buffer, pH about 7 4, added to it; this solution

was added to the protein. After 3 hours 75 gm. of recrystallized

lodoacetic acid, neutralized to phenol red, were added to 260 cc.

of the same buffer, and added to the protein-thioglycolate solu-

tion, After 2 hours the protein was precipitated by adding enough

solid (NH4)2S04 to give a 50 per cent saturated solution. The
protein was filtered off, washed with 50 per cent saturated

(NH4)2S04, and redissolved in 1500 cc. of H2O + 20 cc. of m
NaOH. It was again reduced with thioglycolic acid and allowed

to react with lodoacetic acid exactly as m the procedure above.

The protein was precipitated with (NH4)2S04 at 50 per cent

saturation and collected on a centrifuge, and the supeniatant

liquid was discarded. This protein was then dissolved m 1200 cc.

of 0.1 M sodium acetate and fractionated by precipitation at

35 per cent saturation with (NH4)2S04. A second fraction was

obtained from the filtrate by 60 per cent saturation with (NH4)2S04

The fractions were purified by repeating this procedure several

tmies The first fraction. Fraction A, represents the bulk of the

material; the final yield vras 30 gm. of dry protein. The other

fraction. Fraction B, gave a yield of only 2 gm. of dry protein

Another preparation of carboxymethylkerateine was prepared

from freshly reduced parent protein by treatment with iodo-

acetate at pH 9.0 to 9 5 for 40 hours, the lodoacetate being added

in intervals and to a large excess, m an attempt to substitute the

amino groups as well as the —SH groups The analysis shows

that no detectable substitution of the free amino groups occurred,
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and that the long alkaline treatment caused a loss in sulfur, as

IS shown in Table I.

a-Carhoxyethylr, Carbamylmethyl-f and Hydroxyethylkerateine—
These three preparations were prepared in almost identical man-

ner 10 gm of parent protein were suspended in 100 cc. of H2O,

for each preparation, and suflacient m NaOH to give a light pink

color with phenolphthalein, without attempting to dissolve the

protein completely 4 65 gm. of thioglycolic acid neutralized to

phenolphthalein were added to each, and the flasks stood for

3 hours under a stream of oxygen-free nitrogen. Then either

9 1 gm of a-bromopropionic acid (neutralized to phenolphthalein)

or 11.0 gm. of iodoacetamide, or 9 5 gm of freshly distilled iodo-

ethyl alcohol were added. From time to time additional NaOH
was added to mamtam the pH at a light pink to phenolphthalein.

After 2 hours the preparations made with iodoacetamide and

iodoethyl alcohol were precipitated with acetic acid, washed with

acetone, and then the suspensions dialyzed against distilled HoO
for 3 days The preparation with a-bromopropionic acid stood

overnight, was reduced in a similar manner as above, and treated

a second time with bromopropionic acid for 4 hours The protein

was then dialyzed for 3 days, precipitated with trichloroacetic

acid, washed with acetone, and dried in a vacuum desiccator

The analytical results are listed in Table 1.

Isoelectric Points—The isoelectric points were estimated by

the method of Michaelis and Rona (10) The proteins with the

higher isoelectric points vrere dissolved in 0,1 m sodium acetate and

precipitated with 0 1m acetic acid (final concentration of acetate

ion was 0 01 m), while the proteins of the isoelectric zone not

covered by the pH range of acetate buffer were dissolved in 0 1 m
sodium lactate and precipitated with lactic acid pH of the

mixtures was determmed with the glass electfode.

Digestion—Purified trypsin (16) and Fairchild’s pepsm were

used. The soluble proteins were digested wuth great rapidity

(no precipitate with trichloroacetic acid or sulfosalicylic acid

after 10 to 15 minutes at 37®). Those proteins not entirely

soluble at this pH were digested more slowly but at a rate com-

parable to other coagulated proteins.

Methods ofAnalysis—All the proteins were analyzed for nitrogen

by Teorell’s (17) micro-Kjeldahl method, for sulfur by the method
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of Elek and Hill (18), and for cystine by the Folin and Marenzi (19)

procedure, with a Zeiss-Pulfrich photometer. If the protein

contained both cystine and cysteine the acid hydrolysates were

oxidized with 3 per cent H2O2,
and then the excess H2O2 was

removed by the sulfite used in the cystine reduction. Cysteme
was analyzed for by the iodoacetate method of Mirsky and Anson

(4). Ammo nitrogen was determined by the method of Van
Slyke (11) in the constant volume apparatus. The proteins were

dissolved by grinding in a mortar with 10 cc. of 0.1 m NaOH and

diluted to 50 cc. 6 cc. of solution containing 20 mg. of protein

were used for analysis; the nitrite and protem were added prior

to the addition of the acid. The time of reaction with nitrous

acid was 30 minutes.

SUMWCAET

Keratin of wool is reduced by sodium thioglycolate to kerateine.

This can be oxidized to metakeratin which differs from native

keratin by its amorphous character, solubility in alkali, and by
its digestibility with pepsin or trypsin.

The H of the —SH group of kerateine was substituted by treat-

ment with iodoacetate, a-bromopropionate, iodoacetamide, and

lodoethyl alcohol. The derived proteins thus obtained differ

distmctly in their solubilities and in their isoelectric pomts. They

are all digested by pepsin or trypsin. No detectable substitution

of amino hydrogen occurred durmg the treatment, and under

proper treatment no loss of sulfur occurred. The derivative

obtamed with iodoacetic acid is soluble enough to allow the at-

tempt of a fractionation with ammonium sulfate. This led to

two fractions differing widely in solubility and sulfur content.

^
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THE EFFECT OF INGESTED FAT ON THE STEROL
METABOLISM OF THE WHITE RAT*

By H. C. ECKSTEIN and CARLETON R. TREADWELL
(From the Laboratory of Biological Chemistry^ Medical School, University

of Michigan, Ann Arbor)

(Received for publication, August 13, 1935)

This is a report of an investigation on the influence of ingested

fats on the sterol metabolism of the white rat. No summation

of the literature on sterol metabolism will be given, because the

subject has been so recently reviewed by Bills (1). Only those

contributions pertinent to this paper will be referred to

The procedure adopted was to place young litter mates on vege-

table diets. This %vas done because it is now generally accepted

that the plant sterols are either not absorbed at all or only to a

slight degree The rations, which are described m Table I, were

supplemented with a vitamin B concentrate (Mead Johnson),

carotene, and viosterol Soy bean meaP was chosen for the pro-

tein concentrate, because it contains considerable amounts of

stigmasterol, a sterol which, according to Butenandt, Westphal,

and Cobler (2), can be transformed in vitro into a product having

many of the properties of the hormone found in the corpus luteum.

Table I shows that in one senes of experiments the soy bean meal

was supplemented with 4 times as much com oil as in the other.

In a second senes of expermients soy bean oil was substituted for

the corn oil A record of food intakes was kept, a collection of

the feces made, and changes in body weights recorded. The
animals were killed at the end of experimental periods which vaned

from 5 to 7 weeks The sterol contents of the livers, remaining

* A prelimiuaTy report of this work has been published (Proc, Soc Exp
Biol and Med

, 32, 1097 (1935))

^ The soy bean flour used was purchased from the Battle Creek Food

Company. Our analyses for fat and protein agreed well with those of the

manufacturer The manufacturer’s analysis for carbohydrate content was

accepted

373
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tissues, and the feces were then determined gravimetrically by-

means of the digitonin method (3). Those in the diets were

determined similarly. All of these materials were first digested

with boiling 7.5 per cent alcoholic sodium hydroxide for 2 hours.

In the case of the feces so much material was still undissolved after

the alkaline treatment that a subsequent digestion with boiling

10 per cent hydrochloric acid for 1 hour was added. The sterols

were extracted from the fluids with ethyl ether. The ether ex-

tracts were freed from basic substances by washing with water

until the aqueous extracts were no longer basic to phenolphthalein.

The extracts from the acidic fecal digests were first washed with

alkali and then with water. The residues obtained after removal

of the ether were taken up in 95 per cent alcohol and diluted to

definite volumes. Aliquots were used for the sterol analyses.

Most of the data obtained are shown in the accompanying tables.

Table II shows that all of the rats greiv well because the average

gam per rat per day -Was well above 1 gm. Table II also shows that

in general half of each of the litters mgested twice as much fat and

half as much carbohydrate as their litter mates. The protem

intakes differed only to a small extent. Table III shows that the

larger amounts of liver sterols were generally found m the rats on

the high fat diets. That summation also shows that the percent-

age of sterols m the remammg tissues of the rats on the high fat

diet was as high and in some cases higher than the similar figure

for their litter mates that had been on the low fat diet. These

findings make it unlikely that the larger amounts of sterols re-

ferred to above are merely the result of sterol mobilizations.

Table III also shows that larger amounts of sterols were invari-

ably excreted than were mgested This is indicative of a synthesis

of sterols. It is also clear from Table III that there was generally

an mcreased excretion followmg an mcrease in the ingestion of fat.

The different effects observed betw-een the excretion on high and

low fat diets cannot be ascribed to a removal of sterols from the

tissues of the rats ingestmg more fat, because as has already been

mentioned the amounts of sterols in the livers and remaining tis-

sues of these anunals were not only as high but often higher than

those of their litter mates on the low fat diets. It is evident from

combining the information shown in Tables II and III that larger

amounts of sterols were deposited and excreted when large
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amounts of fats and small amounts of carbohydrate were fed than

when smaller amounts of fat and large amounts of carbohydrate

were fed. The differences between the protein intakes of the rats

in each litter were not sufficient to warrant the making of any

deductions concerning the effect of protein ingestion on sterol

metabolism. A conclusion that the synthesis of sterols can be

mcreased by augmentmg the fat content of the diet is at variance

Table I

Composition of Diets

2 gca., of agar and 4 of salt mixture* were includedm each ofthe diets.

Diet No Soy bean meal Starch Corn oil So> bean oil

gm gm gm gm

1-A 49 25 20

2-A 35 54 5

1-B 49 25 20

2-B 35 54 5

Osborne, T, B., and Mendel, L B., 7. Biol. Chem
, 37, 572 (1919).

Table II

Average Food Intakes per Day during Whole Experimental Period and Average
Gain per Rat per Day

latter No Diet No Fat
1

Protein Carbohydrate Gaininweieht
per day

gm gm gm gm

1 1-A 141 92 170 1.6

2-A 68 79 336 1.3

2 1-A 97 63 117 1 6

2-A 48 56 241 1 7

3 1-B 143 93
{

171 2 2

2-B 76 89 386 2.4

With one made by Schoenheimer and Breusch (4) who fed con-

siderable amounts of lard to mice and decided that ingested fats

did not increase the sterol synthesis in such ammals. Their data,

however, show that the average synthesis of mice fed lard was 15

per cent higher than that of their controls A production of

sterols from fat is m Ime with an observation made by Lifschiitz

(5) who reported that an oxidized product of oleic acid gave
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some of the color reactions of the sterols. Additional support is

to be found in the recent work of Minovici (6) who reported that

the cholesterol content of the blood of dogs increased when oleic

acid was fed. Such experiments are of course not proof of sterol

Table III

Sterol Contents of Livers, Remaining Tissues, Food, and Feces

With the exception of Rats 6 to 11 inclusive (Litter 1), the experimental

periods were of 5 weeks duration In this group the period was 7 weeks

Litter
No Diet No Rat No Liver

sterols IB ib — a)

per cent per cent gm gm

1 1-A 4 0 20 0.958 2 409 1 451

5 0 69 0 19 1 102 2 143

6 0 41 0 19 0 976 2 056

0 20 0 919 1 895

0 34 0 21 0 982 2 298

Average . 0 57 0 20 0 957 2 160 1 173

2 0 42 0 20 0 320 0 778 0 458hhh 3 0 40 0 19 0 360 0 642

9 0 28 0 17 0 354 1 223 0 868

10 0 35 0 19 0 384 1 016 0 6321 11 0 42 0 19 0 416 1 283 0 867

Average . 0 37 0 19 0 367 1 060 0 693

2 1-A 1-a 0 43 0 771 1 770 in
2-a 0 72 0 19 0 714 2 491

3-a 0 67 0 29 0 647 1 678 1 031

5~a 0 48 0 569 1 455 0 886

6-a 0 75 0 556 1 821 1 265

7-a 0 57 0 714 1 490

Average , . , 0 60 0 23 0 662 1 784 1 122

2-A 8-a 0 35 0 223 0 565 0 342

9-a 0 34 0 19 0 297 0 586 0 289

11-a 0 30 0 23 0 214 0 840 0 626

12-a 0 38 0 272 0 838 0 566

13-a 0 46 0 282 0 852 0 670

14-a 0 43 0 22 0 248 1 215 0 967

Average 0 38 0 21 0 259 0 819 0 560
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Table III—Concluded

Litter

No
Diet No Rat No Liver

sterols

Sterols 1X1

remaining
tissues

Ingested
sterols

(«)

Fecal
sterols fb-a)

per cent per c€nt gm gm gm

3 1-b 0 61 0.16 0 568 1 134 0.566

2-b 0 42 0 18 0 630 1 264 0 634

3-b 0 79 0 19 0 614 1 400 0 786

4-b 0 70 0 17 0 576 1 171 0 595

Average • 0 63 0 18 0 591 1 245 0 648

2-B 5-b 0 48 0 18 0 467
1

0 877 0 410

6-b 0 57 i 0 18 0 515 i 0 873 0 358

7-b 0 68
I

0 18 0 411 0 846 0 435

8-b 0 31
j

0 15 0 342 0 690 0 348

Average 0 42 0 18 0 434 0 810 0 376

synthesis. His other experiments, however, showed that the

sterol contents of dog livers mcreased after incubation. This

mcrease was invariably the greatest after oleic acid feeding. In

addition to this Mmovici reported that certain insects produced

larger amounts of sterols on media containing oleic acid than on

those in which the acid was substituted by stearic acid, marganc

acid, or starch. These findings indicate that the unsaturated

fatty acid, oleic, contributes to a formation of sterols, while the

saturated ones, stearic and margaric, do not. The iodine number

of lard is lower than that of either corn or soy bean oil. If the

degree of unsaturation of a fat is related to the amounts of sterols

synthesized, one might expect a difference between our results

and those of Schoenheimer and Breusch Another explanation

could be that the last mentioned authors used mice, wdiile we em-

ployed rats It IS evident that more work must be done on these

questions

We are not prepared to state whether the larger amounts of

sterols m the livers of the rats were due to mgested sterols, fats, or

both. More work is now being done on this phase of the question

SUMMARY

1. Data are presented which show that in general the amounts

of sterol in the livers of growing white rats are greatei when the
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percentage of corn or soy bean oil in their diets is increased.

These larger amounts cannot be ascribed to sterol mobilizations

because the sterol contents of the remaining tissues of the rats on

high fat diets were as great if not greater than the amounts found

in the remaining tissues of their litter mates on low fat diets.

2 The most marked negative balances, as determined by the

differences between dietary and fecal sterols, were obtained when
the com or soy bean oil contents of the diets were increased.
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THE PHOSPHORUS METABOLISM OF INVERTEBRATE
NERVE

By GEORGE L. ENGEL and R. W. GERARD
(From the Marine Biological Laboratory^ Woods Hole)

(Received for publicatioji, August 26, 1935)

Previous work {Gerard and Wallen, 1929; Gerard and Tupikow,

1931; Tang, Tang, and Gerard, 1932) has indicated that the solu-

ble phosphorus compounds of vertebrate and invertebrate nerve

play a r61e in the important chemical sequence of activity. There

are grounds (Gerard, 1932, 1934) for supposing that m nerve, as

in muscle, phosphocreatine breaks down in the most intimate

relation with the physiological response, energy for its resynthesis

being derived next immediately from the succeeding breakdown of

adenylp3n:ophosphate (adenosmetnphosphate) , Recent experi-

ments (Lohmann, 1934) with muscle brei suggest that m muscle

this order may be reversed. In frog nerve, but not m crab, there

IS a burst of heat production as an early recovery phase after con-

duction. The present experiments started from the consideration

that if this heat phase represented the adenylpyrophosphate hnk
of the chain, then the nucleotide compound would be absent or

unchangeable in crustacean nerve, though active in frog nerve

metabolism (see Ebll, 1934; Gerard, 1934). The results demon-

strate that adenylpyrophosphate plays an mtimate r6Ie in the

metabohsm of these nerves, probably quite analogous to that in

frog nerve. In addition, they supply further evidence for the

sequence phosphagen—^adenylpyrophosphate in breakdo\\Ti and

resynthesis.

Method

Analytical—Phosphates were determined by the Fiske and Sub-

barow (1925) method, as employed by Lohmann and Jendrassik

(1926). To obtain sufficient color for reliable readings (m four

fractions each of a control and two experimental portions) 0 5 to

379
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0.8 gm. of tissue (four to seven lobsters) was used and occasionally

standard P (up to 0 02 mg ) added to a fraction. Cooled nerves

were ground in 6 cc. of iced 10 per cent trichloroacetic acid and

the suspension filtered in 10 to 15 minutes. The filtrate was

neutralized with NaOH until pink to phenolphthalem, adjusted

to 0 05 N HCl by addition of n HCl, and fractionated as follows.

(The original 5 cc of filtrate became 7 cc after treatment. It is

assumed that soluble P is equally distributed between filtrate and

residue in calculating the results.)

Fraction I—

K

2 cc aliquot was analyzed immediately for reac-

tive P. This represents essentially inorganic P.

Fraction II—A. second aliquot of 2 cc was hydrolyzed for 20

hours at room temperature before analysis. The mcrease in

active P (Fraction II— I) is a measure of arginine P (Meyerhof,

1930),

Fraction III—^Another aliquot of 1.5 cc. was brought to 1 n
with HCl, hydrolyzed at 100° for 7 minutes, and the reactive P de-

termined. The increase above Fraction II is taken as measuring

pyrophosphate P (Lohmann, 1928) ;
and Fraction III itself repre-

sents the total of the labile fractions.

Fraction IV—A final 1 cc aliquot was ashed with 1 5 cc. of 10 n

H2SO4 plus a few drops of concentrated HNO3 (Teorell, 1931)

The total acid-soluble P was nowmeasured; the mcrease over Frac-

tion III represents the stable fraction.

This fractionation is crude. Fraction I, though predominantly

morganic phosphate, may include some phosphorus of dihy-

droxyacetone phosphoric acid, which breaks down rapidly in alka-

line solution. In addition, during the 15 minutes testmg m 0 7 n
acid and molybdate, a possible hydrolysis of some nucleotide

polyphosphates and lactic acid intermediaries is not excluded.

However, smce no significant hydrolysis of the phosphoargmme

occurs within this time, and since the color remains constant for

at least 10 nuniites longer, any error would be negligible.

The difference between Fractions II and I probably represents

arginme phosphate fairly accurately, and the present values check

very closely with those obtained by Tang, Tang, and Gerard (1932)

by the Ca precipitation method ^

^ In an earlier senes of results (1933), in which Fraction I as determined

on the original trichloroacetic acid extract before neutrahzation and in which
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The proportions and kinds of phosphate compounds which are

hydrolyzed m Fraction III cannot be accurately stated, but in all

likelihood adenylpyrophosphate (adenosinetriphosphate) is mainly

involved By the procedure no distinction can be made between

adenylpyrophosphate and free pyrophosphate ion, and there

would be no change if adenylp3rrophosphate breaks down
to adenylic acid and pyrophosphate rather than orthophos-

phate, as reported for muscle in some conditions (Ferdmann and

Feinschmidt, 1935). Pyrophosphate will be taken to mean
adenylpyrophosphatem the further treatment Other compounds

that would be partially broken down in this fraction include

hexosediphosphoric acid (30 per cent hydrolyzable), hydroxyace-

tone phosphoric acid (50 per cent), glyceric aldehyde phosphoric

acid (50 per cent), and phosphopyruvic acid (50 per cent). It is

not eertam that these compounds occur m invertebrate nerve, but

in any event, smce they serve as intermediates m lactic acid forma-

tion, their content at any time would be small, except possibly for

the hexosediphosphate.

The stable fraction determined by the increase after wet ashing

represents the compounds wholly resistant to 7 minutes acid hy-

drolysis as well as the unhydrolyzed portions of the others just

considered. The stable compounds include hexosemonophos-

phoric acid, phosphoglyceric acid, glyeerophosphoric acid, and the

nucleotides mmus any pjTophosphate. The acid ashing method,

though criticized, gave very consistent results.

Nerve Preparatto/i—Nerves of the large claw and the walking

legs and the abdominal ganglion chain of the lobster (Ho7narus

ainencaiius) were utilized The animals were placed on ice 1 to

2 hours before use, and the nerves dissected out into dry, iced

mortam, stretch, as in pulling through jomts, being carefully

avoided. The tissue was gently blotted with filter paper, vreighed

single animals were dissected m i to i hour, values for inorganic P agreed

accurately with present ones, but the arginine phosphate was twice ab high

Since the 1933 data w^ere less regular and complete and in disagreement

with results by the Ca method, w hich had been fully controlled, w’e have

used these only in summary fashion All general findings were, how'evei,

entirely similar in the two sets No indications of a creatine phosphate

fraction was obtained, although this should have been obvious in hydrolj sis

curves (See also Needham, Needham, Baldwin, and Yudkin (1933) )
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rapidly on a torsion balance with a glass hook, and either ground

at once or placed under the desired conditions. No drying

occurred, water condensing rather from the moist air onto the

cold tissue. When exposed at room temperature, however, nerves

lost 5 per cent of their weight in 10 minutes; 12 per cent in an

hour. Tissue from different animals was distributed equitably

among the samples.

Nerves were exposed to oxygen or hydrogen on the walls of a 50

cc. dropping funnel closed with a stopper containmg a straight

tube stop-cock, and containing a few cc. of artificial sea water

(NaCl, KCl, CaCb (Garrey, 1915) ) Gas was bubbled in through

the water for 10 mmutes after placing the nerves, and flushed

through subsequently every hour. The temperature varied from

20^25° in different experiments

Results

Fresh Nerve—^The phosphate distribution in freshly dissected

nerves is shown in Table I The difference in different types of

tissue is due in part to variable dissection time, for the same

changes take place as during rest in oxygen, although slower, even

when the nerves as dissected are kept at about 5® and m air

Arginme phosphate, for example, is generally higher when If hours

elapse between dissection of the first nerve and of the last than

when this time is only 1 hour. A rough correction for changes

durmg dissection is obtamed by takmg half the dissection time,

correctmg for temperature difference (times 0.2), and assuming

changes m O2 are linear with time A 10 per cent lower arginine

P and a 10 per cent higher pyrophosphate result. However, there

is a real difference in the P values for claw nerves and ganglia of

thesame animals (two experiments)
;
although calculated per umt of

dry weight (nerves 21 per cent solid, ganglia 24 per cent (Chang,

1931)) even this difference is withm experimental error. The
variation from batch to batch is inherent in the material, duplicate

determmations on the same animals agreeing within 5 per cent.

Earlier data showed Fractions II and III (the only ones deter-

mmed) to be 10 per cent greater 111 spider-crab nerve than in

mixed nerve and ganglia of lobster Data on frog nerve and

Limulus muscle are included for comparison

Restm Oxygen—In Table II are summarized the changes during



Tabi/E I

Fresh Tissue

Tissue
No of
ani-
mals

Dissec-
tion
time

P* mg per cent of wet weight

Frac-
tion
I

Inor-
gamc

1

Fac-
tion

II -I
Argi-
nine

Frac-
tion
II

Labile

Frac-
tion

III - II
Pyro

Frac-
tion

IV~ III

Stable

1 Frac-
tion
IV

Total

hr»
i

Lobster, 1934

Peripheral nerve 6* 2 10 4
I 43 8 7 9 0 32 4

6** 1 2 12 4 36 U 9 10 3 38 2
5 0 5 11 1 4 2

1

11 2 11 1 37 6

5
;

0 5 11 3 5 7 6 8 10 4 34 2

22 : 1 11 3 4 5 15 8 9 7 10 2 35 6

1

(11 4) (4 3) (9 8) ((10 1) (35 7)

Ganglion chains 7* 2 14 3 6 5 14 4t 9 6t 44 8
i 1 2 17 5 4 3 ! 9 6 11 4 42 8

14 i 1 5+ 15 9 5 4
I 21 3 11 0

j

11 1 43 8

(16 0)
1

(5 0) (11 4) 1(11 2) (44 0)

Mixed nerve and 3 1 5 12 1
i

47 5 2 ! 15 2 37 2
ganglia 3 1 10 7 ! 8 0

1

5 7 : 16 7 41 1

3 1 12 8 4 5 1 12 1

3 1 14 3 7 4 10 4

3 2 5 9 0 9 7 11 9 8 0 38 6
3 2 11 9 5 8 9 8 9 8 37 3

3 2 11 4 4 3 8 6

3 2 9 9 1 5 0 5 0

24 1 5+ 11 6 6 2 17 8 8 6 12 1 38 6

(n 8) (5 8) (8 8) (12 1) (38 5)

Lobster, 1933

Mixed nerve and 10 0 3 11 6 13 4 25 0 10 9

ganglia
1

Mixed nerve t 5 1 41

Spider-crab nerve, 27 0 5 29 4 10 3

1933

Frog nerve § 10 8 6 5 14 38

Limulus muscle
j

11
75 42 117 40 46 203

The values m parentheses are corrected for estimated change during

the time of dissection

* Tissues obtained from the same animals
** Tissues obtamed from the same animals

t Values questionable, given half weight

{ Data from Tang, Tang, and Gerard (1932)

§ Data from Gerard and Tupikow (unpublished)

11
Data from Engel and Chao (1935)
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rest in oxygen, followuig the unavoidable stimulation of dissec-

tion. All data are obtained by direct difference between com-
panion samples. Since similar changes occur m the control nerves

during the dissection period, the total change after dissection is

greater than shown (see estimated correction). The data for ten

experiments, with forty-eight animals, are averaged for nerve,

ganglion chain, and both,

Durmg short rest in oxygen (f to 1 hour plus 1 to If hours dis-

section) there is a slight decrease (5 per cent) in inorganic phos-

phate and possibly in the total phosphate, with no change m the

stable fraction More striking is a regular and distinct increase

(by one-third) of arginine phosphate which is balanced by a

numerically equal loss of pyrophosphate (one-fourth of the total).

In four experiments with rapid dissection and short rest in ox^’^gen

this balance was exact, as it was also in the average for all experi-

ments with peripheral nerve (argmine phosphate, +1.8 mg. per

cent, pyrophosphate, —18). The averages for ganglion (+2.2

and —3 1) and for mixed nerve and ganglion (+0.9 and —0.6)

showed less perfect agreement, but in these experiments longer

dissection and exposure times were involved, and one ganglion

experiment was unreliable. Earlier results on crab and lobster

were less regular but in agreement

Durmg further rest in oxygen (8 hours) these changes are partly

reversed. Inorganic phosphate increases definitely (15 per cent)

;

total phosphate, possibly; and the stable fraction decreases in all

cases (20 per cent average). Arginine phosphate again decreases

somewhat (15 per cent), while the pyrophosphate lost during the

1st hour is restored. The final balance after a long period in

oxygen shows, therefore, no change from the initial values for total

phosphate or pyrophosphate and a dubious mcrease of argmine

phosphate, while a definite shift of phosphate from the stable to

the morganic fraction has occurred After only 1 hour, conversely,

the only clear change is from pyrophosphate to arginine phosphate

and this is subsequently reversed.

Rest in Hydrogen—^Anoxia leads to marked and rapid changes

which have reached completion or equilibrium m 5 hours (Table

III) Arginme phosphate is completely lost in nerve, three-fifths

in mixed ganglion and nerve; and three-fourths or more of the

pyrophosphate of nerve, somewhat less with ganglia present,
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breaks down. These changes are complete by 2 hours. Inorganic

phosphate increases for 5 hours, when it has doubled, at the ex-

pense of the above fractions and also of the acid-stable one which

decreases two-fifths in 5 hours.

In all cases the total acid-soluble P showed an unexpected

decrease, greater after 5 hours than after 2, and contrary to earlier

Table III

Anoxia

P, mg percent

uonaitioxi Tissue*
Inor-
ganic

Argi-
nine

Pyro Stable Total

Initial values
I

Lobster, 1934
!

Nerve (20) 13t 6t lot 15 4 44 3

Mixed(12) 10 5 6 2 8 8 8 9 34 4

Lobster, 1933(5) 12 6 14 13 9

Crab, 1933(3) 31 4 10 6

Change during 2 hrs Lobster, 1934

1

in Ha Nerve +10 5 -5 8 -6 8 -2 8 -5 0

Mixed
1
+6 6 -3 3 -5 5 +0 7t -1 5

Lobster, 1933 +12 8 -4 7 -7 8

Crab, 1933 1 +12 1 -8 6

Change during 5-9 Lobster, 1934

hrs in Hs Nerve 1 -6 6 i -6 8

Mixed +10 6 -3 4 -5 6 -0 6t -1 2t

Change in Ha after

1

Lobster, 1934

first 2 hrs Nerve -3 8 -1 8

Mixed +4 0 -0 1 -0 1 -1 St +0 St

* The values in parentheses represent the number of animals averaged

t Values estimated for this senes

X Values on mixed tissue are not all from complete parallel experiments,

therefore not in full agreement. Those marked are least certain Proba-

bly the stable fraction change at 5 hours should be considerably greater.

findings on the frog and crustacean nerve (Gerard and Wallen,

1929; Tang, Tang, and Gerard, 1932). It is unlikely that a syn-’

thesis of insoluble compounds occurs under these conditions, and

the previous results indicated the reverse change. More prob-

ably, anoxia enhanced a loss of inorganic phosphate into fluid
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condensed or sprayed onto the tissue, and which unfortunately

was not analyzed In oxygen-lack the diffusible fractions are

increased, and nerve permeability may also be greater (Hill, 1934;

Gerard, 1934). Eggleton (1933) has observed an out-diffusion

of phosphate when its concentration m muscle cells is increased

relative to that in the interspaces

Rest in Oxygen following Hydwgen—Nerves (no ganglia were

used) placed in oxygen after a period of anoxia show a marked

recovery (Table IV) Arginine phosphate regenerates strongly

and returns from zero to the level for fresh nerve in 6 hours Py-

rophosphate IS restored from less than one-third of the original

concentration to two-thirds after an hour in oxygen, but shows

little further increase in another 5 hours Inorganic phosphate

falls from twice the initial value to 40 per cent more. The stable

fraction, however, decreases further, to half the initial value, and

the total soluble phosphate continues to fall from the value at the

end of anoxia by an amount equal to the loss of the stable fraction.

Stimulation—In the 1933 senes, in eleven experiments on lobster

and crab, stimulation in oxygen with 10 to 15 shocks a second^

caused a loss of 1.2 mg per cent of arginine phosphate and 0 5 of

pjTophosphate, compared to the resting controls Since, on the

one hand, stimulation was probably far from the maximal and, on

the other, local electrode effects were not excluded, these results

are only suggestive.

DISCUSSION

The breakdown of adenylpyrophosphate in conjunction with a

synthesis of phosphoarginine is especially mteresting. Smee some

injury and excitation durmg dissection are unavoidable, the subse-

quent changes may be considered as a recovery process. This is

further evidenced by the early synthesis of arginine phosphate

during rest in oxygen. The results strongly indicate that the

following reaction occurs during aerobic recovery of invertebrate

nerve.

Adenylpyrophosphate -f- 2 arginine -^2 arginine phosphate -j- adenylic acid

In at least half the experiments, those of short duration, the bal-

ance Tvas quantitatively exact When longer times w^ere used,

- We are indebted to Dr H Davis for the loan of a neon stimulator for

these experiments
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the arginine phosphate synthesis was greater than the apparent

adenylpyrophosphate breakdown. This is undoubtedly the result

of the observed resynthesis of adenylpyrophosphate at a later

stage, after arginine phosphate is rebuilt The main reaction in

question is probably complete in 1 hour.

Lohmann (1934) concluded from experiments on muscle brei

that the reverse reaction is associated with miis<»le activity.

(1) Adenylpyrophosphate adenylic acid -h 2 phosphoric acid

(2) Adenylic acid + 2 creatinephosphoric acid adenylp\ ropho&phate

f 2 creatine

Any involvement of pyrophosphate has been challenged by
Lundsgaard (1934), stud3ning intact lodoacetate muscle, and in

fact ileyerhof and Lohmann (1931 ) earher observed that muscle

extracts did not form phosphagen unless adenylpyrophosphate was

present and that the nucleotide broke down as creatine phosphate

formed. More recently Needham and van Hejuiingcn (1935) have

been able to obtain this reaction in either direction in muscle brei.^

On aerobic recovery following anoxia all the arginme phosphate

is reformed in 5 hours, ivhile two-thirds of the adenylpyrophos-

phate IS restored in 1 hour with no further significant increase.

The stable fraction decreases by one-third durmg this period,

probably with the formation of some compounds that appear

partially in the pyrophosphate fraction. Presumably a balance is

establLshed in an hour between adenylpyrophosphate breakdown

and its resynthesis from other phosphate sources.

A loss of 4 2 mg. per cent of adenylpyrophosphate P w’ould be re-

quired for the resynthesis of argmme phosphate, actually a gam of

3 3 mg. per cent is observed, so that a total synthesis of 7 5 mg. per

cent of P as nucleotide is required. The phosphate for this could

come from the stable fraction (maxmium possible, 4.6 mg per

cent) and the inorganic one. In muscle brei, adenylic acid can be

phosphorylated by phosphocreatine and by phosphopyruvic acid,

probably actmg via the phosphagen (Parnas, Ostem, and Mann,

1935; Needham and van Hej^ningen, 1935). The present evidence

is against argmme serving as a donator in nerve. (This could

*An excellent statement of the case for muscle, indicating this re\er-

sibility and its functional significance, has been published by Parnas and

Mann (1935),
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possibly occur during the later stages of rest in oxygen,) Some
of the lactic acid intermediates in the stable fraction are probably

involved, although they cannot be the sole source of phosphate.

The extensive breakdown of both arginine and pyrophosphates

during continued anoxia is in accord with previous results on frog

and lobster nerve (see Gerard and Tupikow, 1931). To maintain

even the resting nerve m its physiological state of responsiveness

requires a continuous supply of energy (Gerard, 1932), derived

ultimately from the oxidation of foodstuffs. During anoxia the

necessary energy may be partly released by hydrolysis of the phos-

phorus compounds, which are later restored, when oxygen is again

available, with the aid of oxidative energy The cycle of break-

down and resynthesis presumably proceeds uninterruptedly under

normal conditions and in any case there is a definite correlation

between oxidation and phosphorylation (See also Runnstrom,

Lennerstand, and Borei (1934), Runnstrom and Michaehs (1935),

and Lipmann (1934), Contrast the view of Sacks and Sacks

(1935), that, in muscle, acidity controls phosphorylation.)

Besides anoxia, long standmg m oxygen leads to hydrolysis of

arginine phosphate. Whether this results from depletion of sub-

strate and reduced oxidative energy, or is a consequence of bac-

terial action, cannot be stated. COg, easily formed by bactena,

leads to phosphagen breakdown, even in 5 per cent gas concentra-

tion (Gerard (1932) p. 499) and bacterial effects may be manifest

in dogfish (Root, 1934) or mammalian (Schaffer, Chang, and

Gerard, 1935) neive m 7 hours or less, although mainly at higher

temperatures.

The stable fraction tends to decrease, irreversibly, under all

conditions studied except short rest in oxygen. It diminishes more

rapidly under anoxic conditions than during prolonged aerobic

rest, and after anoxia continues to fall even in oxygen. If this

represents a loss of phosphorylated carbohydrate intermediates,

these are presumably being destroyed more rapidly than they are

reformed from glycogen, etc., of which a plentiful store exists

(Holmes, 1929). Pending more specific measurement, this does

not merit further discussion.

The total soluble phosphate remained unchanged m oxygen but

diminished in oxygen-lack and contmued to fall when oxygen was

agam admitted. The anoxic loss is most probably due to diffu-
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sional losses, as discussed, and the subsequent loss in oxygen may
be similar. In the latter case, however, a synthesis of insoluble

phosphates may have occurred, and it is interesting that tfe loss

of total phosphate is equal to the loss in the stable fraction.

SUMMAHY

Inorganic P, arginine P, adenylpyrophosphate P, stable P, and
total acid-soluble P fractions have been determined in lobster

claw nerves and ganglia and crab nerves.

During rest in oxygen, the phosphoargmine decomposed during

dissection (and attendant stimulation and injury) is rebuilt,

apparently by direct reaction with adenylpyrophosphate, which

decomposes This, in turn, is subsequently resynthesized, the

lactic acid intermediates probably servmg in part as phosphate

donators. Durmg anoxia there is an extensive hydrolysis of both

phosphoarginme (up to 100 per cent) and adenylpyrophosphate,

with an attendent rise m the inorganic fraction Subsequent

exposure to oxygen results in full resynthesis of arginine phos-

phate in 5 hours; and of two-thirds of the adenylpyrophosphate

within an hour, with no further change Both substances are

probably decreased by stimulation.

The stable fraction (hexosephosphate, etc ) regularly shows a

loss of bound phosphorus after several hours, greater durmg or

following the absence of oxygen. There is no evidence that the

phosphorus of any acid-insoluble compounds (phosphoproteins,

phospholipids, nucleoproteins, etc.) is involved in the aerobic

metabolism of these nerves
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A SPECIFIC POLYSACCHARIDE FROM THE BACILLUS
CALMETTE-GUfiRIN (BCG)*

By ERWIN CHARGAFF and WERNER SCHAEFER

{From the Lahoratones of the Pasteur Insiituiej Pans, France, and of the

Mount Sinai Hospital, New York)

(Keceived for publication, July 19, 1935)

Durmg the last few years the chemical composition of a number
of strains of acid-fast bacilli has been investigated in various labo-

ratories (1). Among these strains, the bacillus Calmette-Gu^nn

(BCG) deserves special interest because of its extensive practical

application. A study of the chemistry and serology of this avir-

ulent microorganism may ultimately bring about a better under-

standing of the chemical aspect of the virulence problem.

We have previously studied the chemical (2) and immunological

(3) properties of the various lipid fractions of the BCG (fat, phos-

phatide, wax). In the present paper we report on specific poly-

saccharides obtamed by extraction of the defatted BCG and also

on some observations on the proteins of the BCG.
Polysaccharides—^The polysaccharides were obtamed from the

defatted bacilli by means of acetate buffer or dilute acetic acid,

similar to the methods used by Heidelberger and Menzel (4).

Three separate preparations, made from as many individual

batches of bacilli, yielded concordant results. The extracted

material was purified by precipitation mth alcohol from acid or

alkalme solution The use of alkali could not be a^'oided because

of the peculiar behavior of certam fractions.

Two main fractions were obtamed which differed coiisiderablj’’

in their solubility One of the compounds, designated as A frac-

* Aided by a grant from the Rockefeller Foundation. This is Paper IX
of a series on **The chemistry of bacteria For Papers VI, VII, and VIII

see previous publications (Ann. Inst Pasteur, 62, 415 (1934); 54, 383, 708

(1935)) A part of this paper has been presented before the meeting of the

American Society of Biological Chemists at Detroit, April, 1935
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394 Bacillus Calmette-Guerin

tion, is readily soluble in water and alkali. Iodine-potassium

iodide solution produces a blue-violet coloration similar to that

obtained with an amylodextrin. The other substance, designated

as S fraction, is almost insoluble in water and alkali and requires

rather strong acids for solution. The substance is precipitated

from its solutions by alkali or alcohol without appreciable change.

This fraction consists of about equal parts of inorganic material

and carbohydrates A microchemical examination, for which we
are indebted to Dr A. Benedetti-Pichler of New York University,

Washington Square College, revealed the inorganic constituents

of the S‘ fraction remaining after combustion to consist of almost

pure Ca3(P04)2 . We deal here apparently either with the calcium

salt of a phosphorylated polysaccharide or with an extremely

strong adsorption compound of a polysaccharide with calcium

phosphate, which is dissociated only with the utmost diflSculty

By treatment with ammonia, part of a polysaccharide is spht oiff,

which, however, does not seem to be identical with the A fraction.

The quantities of bacilli used and the yields of polysaccharides

are given m Table I

From the combined A fractions, after further purification, a

polysaccharide was obtained, which was entirely free of proteins,

dextrorotatory, [a]^ = +77,4°, and did not reduce Fehling^s solu-

tion. About 77 per cent of its weight was obtained as reducing

sugars upon acid hydrolysis Aldopentoses and aldohexoses, but

no ketoses were present. This polysaccharide was a weak acid

with an acid equivalent of 1244. It contamed 0 8 per cent nitro-

gen, 0.9 per cent phosphorus, and 2 9 per cent of ammo sugars^

(calculated as glucosamine). If the latter really form part of the

polysaccharide molecule, a minimum molecular weight of about

5000 can be assumed.

Only 296 mg. of the polysaccharide were available for the study

of the products formed by acid hydrolysis. These consisted

mainly of two sugars: 46 per cent of the polysaccharide were iso-

lated as rf-mannose; 8 per cent as d-arabinose. Together with the

^mo sugar mentioned before about three-quarters of the reducing

sugars contamed m the polysaeeliaride could thus be accounted for

1 The quantitative estimation of the amino sugars \\ as kindly carried out

bj Dr K Meyer of Columbia Umversit\, College <if Ph>sieians and Sur-

geons, according to his method (5)



E. Chargaff and W. Schaefer 395

Neither galactose nor uromc acids were present in our preparation.

Under the conditions of hydrolysis used no compounds whatsoever

with acid function were observed.

Hie non-reducing fraction of the polysaccharide apparently con-

tains inositol, the presence of which was demonstrated by color

reactions, but due to the minute amount present no crystals were

obtained.

Both the A and the S fractions showed specific precipitation

with anti-BCG horse sera up to a dilution of 1:1,000,000. By
intravenous injection of theA fraction no antipolysacchande serum

was produced m rabbits. Further experiments will be necessary

to decide whether it is possible to isolate true antigens instead

Table I

Polysaccharides Isolated from BCG

Expen-
ment No

Weight of

drj’
bactena

Solvent used for
estraction

A fraction S fraction

Weight
Per cent
of dr>
bactena

Weight
Per cent
of drj
bactena

1

grn

60 0 Acetate buffer,

gm

0 17 0 28

gm

a 16 0 27

2 no 0

pH 4.1

1 N acetic acid 0 32 0 29 0 28 0 26

3 90 0 2
it «

0 37* 0 41* 0 45* 0 50*

* These fractions were not as highly purified as those in Experiments

1 and 2.

of the haptens obtained by us, in accordance with the findings on

T}"pe I pneumococcus polysaccharides (6). Our polysaccharides

apparently are species-specific, as cross reactions were observed

with antitubercle bacilli sera.

Another polysaccharide which accompanies the fat and phos-

phatide of the BCG (2), analogous to the A-8 fractions studied by
Anderson and collaborators (7), was serolopcally entirely inactive.

Proteins—^For the isolation of BCG proteins use was made of

the method developed by Heidelberger and Kendall (8). In the

case of the BCG it was not possible to extract a nucleoprotem from

the defatted bacteria at pH 6,2. Also the protein fractions ex-

tracted at pH 7 7 and 9 2 were so minute that a study of their
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properties could not be made. Only the subsequent treatment of

the bacilli with 0.5 per cent potassium hydroxide yielded a larger

amount of protein (1.6 per cent of the dry bacteria). This sub-

stance, which in certain regards resembles the “alkali-soluble”

protein from human tubercle bacilli of Coghill (9) and the K frac-

tions of Heidelberger and Menzel (10), was a true antigen. It

reacted in the complement fixation test with antiprotein sera and

with antisera against BCG and bovme tubercle bacilli up to a

dilution of 1 : 10,000 The protein did not react with the anti-BCG

Table II

CompoBition of BCG

Fraction
percent
of dry
bactena

Serological
activitym
dilution

Smallest
amount

of antigen
demon-
strable

No of
bacterial cdls
furnishing
minimum
amount of

antigen
demonstrable

ngm
;

W
Fat 9 7

Wax . 11 1

Phosphatide 4 6 1 1,000,000 0 3 65

Polysaccharide accompany-
ing lipid fractions 0 5

Specific polysaccharides* 0 5
i

1 1,000,000 0 25 600

** protein 1 6 1.10,000 30 18,760

Residue . . 72 0

* K and S fractions

phosphatide serum (3), a fact which is important with regard to

the specificity of the BCG phosphatide.

Summarizing the results of our studies of the chemical constitu-

ents of the BCG, we find that for each of the three groups which

are the major cell constituents a representative antigen has been

isolated, namely a lipid, a polysaccharide, and a protein. The

distribution of the isolated fractions, together with data on their

antigen activity, is given in Table II. We also attempted to

compute the number of bacteria which are necessary to furnish

the TniniTniim amount of antigen still demonstrable. This was

based on the supposition that 10‘* cells are contained m 1 mg. of

bacteria (11). This calculation may not be devoid of interest,
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since in chemical work with bacteria one has to consider as the

basic biological unit the bacterial cell. Each chemical compound
that is isolated from bacteria must be present in a concentration

of at least 1 molecule per cell. As the number of molecules per

single cell can be estimated, a limiting value may be computed
below which the concentration of any genuine cell constituent

may not drop.

EXPERIMENTAL

Preparatwn of Bacteria

The cultures used for all experiments were 6 to 8 weeks old and

were obtained by cultivating the BCG on the Sauton medium (12)

at 38°. The BCG was a culture supphed to us by Dr. Gu4rin of

the Pasteur Institute, Paris. Two different methods were em-

ployed for defatting and extracting the bacteria. In Experiment 1

(see Table I) the bacilli were first filtered on a large folded filter.

They were then transferred to a large Buchner funnel and washed

with distilled water m the presence of thymol. The well drained

bacilli were suspended in 360 ce. of alcohol cooled to — 10°. After

the mixture was shaken for 20 mmutes, the bacilli were filtered off,

washed with alcohol-ether, ether, and finally with absolute ether,

and dried tn vacuo over P2O5 . The dry bacilli were shaken again

with 500 cc of alcohol-ether for 45 minutes, washed as above, and

dried in vacuo. The bacilli then were pulverized to a very fine

yellow powder and dried to constant weight.® In Experiments 2

and 3 (see Table I) the bacilli were freed of the fat and phosphatide

according to the method of Anderson (13).

Isolation of Polysaccharides

For the extraction of polysaccharides the bactenal powder was

treated with 0.2 n acetate buffer at pH 4.1 (4 parts of acetic acid,

1 part of sodium acetate) or with 1 n acetic acid containing 0.5 per

cent of phenol. We describe here Experiment 2 only. The finely

ground bacteria, 110 gm., were digested with an equal volume of

1 N acetic acid After a short period enough acetic acid was

added to bring the volume of the extraction fluid to 500 cc. The

* In order to exclude inhalation of the bacterial powder, all operations

were carried out in speciallj" constructed glass cases where the material

could be handled without danger.
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mixture was kept 3 days in the ice box under frequent shaking and

then centrifuged. The extraction of the bacteria was repeated

five times under the same conditions. Each time the serological

activity of the extract was controlled by means of the precipitation

test with anti-BCG horse serum. The solution obtained from the

last extraction, even undiluted, showed only feeble precipitation

The combined extracts (about 3 liters) were concentrated in vacuo

to 50 cc To the remaining brownish turbid solution 240 cc. of

absolute alcohol were added After 3 days in the ice box the pre-

cipitate was filtered and repeatedly washed with alcohol and

ether.

The precipitate was taken upm 30 cc. of water and 1 cc. of glacial

acetic acid* A considerable amount of undissolved material was

centrifuged off and washed with warm water. From this insoluble

residue 43 mg, of a protem were extracted by 2 n potassium hy-

droxide, which was serologically almost mactive. The material

not dissolved by potassium hydroxide yielded, on treatment with

40 per cent acetic acid and reprecipitation with alcohol, 173 mg.

of a white powder that was essentially identical with the S fraction

to be described later. From the clear supernatant liquid (about

47 cc.) the water-soluble polysaccharide was precipitated by the

addition of 200 cc of alcohol. Only a part of this precipitate

went into solution when taken up in a small volume of water. It

was found that it contained a fraction readily soluble on the acid,

and insoluble on the alkaline side. Therefore, the entire material

was treated with 10 cc. of water that had been made alkaline by

the addition of a few drops of potassium hydroxide solution. After

centnfugation of the mixture, 1 cc of glacial acetic acid and 70 cc.

of alcohol were added to the clear supernatant solution The
water-soluble polysaccharide was precipitated in the form of a

syrup which adhered to the bottom of the flask and solidified on

treatment with alisolute alcohol After four more precipitations

from acidified water with alcohol, the polysaccharide, designated

as A fraction, was obtained as a fine sand-colored powder which

weighed 320 mg. It was easily soluble in water. A minute quan-

tity, when brought into contact with an lodine-potassium iodide

solution, produced a blue-vioIet color. The reactions with orcmol

and phloroglucmol for pentoses were positive; the reaction with

resorcinol for ketoses as well as the biuret, and trichloro-

acetic acid reactions for the presence of proteins was negative.
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The substance reduced Fehlmg’s solution only after acid hydroly-

sis. It contained 1.1 per cent of phosphorus, 0.9 per cent of nitro-

gen, and 2 6 per cent of ash.

PhoB'phoTus {PregULie}))--lB 475 mg, gave 13.990 mg. of (NHi)iPO* 12

MoOs; found, P 1.10.

Nitrogen (iTjeZda/iZ)—12.855 mg. used 0.863 cc of 0 01 n HsSO*; found,

X0.94

After a sample of the polysacchandehadbeen hydroly^d with 1n
hydrochloric acid for 2 hours, it contained 76.5 per cent of reducing

sugars (calculated as glucose) according to the Hagedom-Jensen
method. By the Shaffer-Hartmann method considerably lower

values were obtamed. This is in agreement with the findings

of Munday and Seibert (14).

The second polysaccharide fraction mentioned above, insoluble

in alkali, was treated with 5 cc. of 40 per cent acetic acid. The
solution was centrifuged and the residue washed with 2 cc of acetic

acid of the same strength. From the combined solutions the sub-

stance was precipitated by the addition of 40 cc. of alcohol. The
precipitation was repeated four times, whereupon 283 mg. of a

white brittle mass were obtained, which on grinding formed a very

light powder. This substance, designated as S fraction, was in-

soluble in water and alkali, and soluble in acids. When a dilute

potassium hydroxide solution is slowly added to an acid solution

of the substance, flocculation sets in at the turning point of bromo-

thymol blue. No coloration was observ'^ed with iodine-potassium

iodide solution. The reactions for pentoses were positive, the

reactions for ketoses and proteins negative. Fehling^s solution

was reduced only after treatment of the substance with dilute

acids. A sample, hydrolyzed with 1 n hydrochloric acid for 2

hours, was found to contain 46 7 per cent reducing sugars (calcu-

lated as glucose) according to the method of Hagedorn and Jensen.

The S fraction contained 9 8 per cent of phosphorus and 47 9 per

cent of ash. No nitrogen was found. It should be noted that

the S fraction had practically the same composition after three as

after five precipitations.

S Fraction after Three Precipitations, Phosphorus {PregULieli)—12 440

mg gave 88 419 mg of (NH4)3P04 I2M0O3 ; found, P 10 32

S Fraction after Five Prectpitaiions, Phosphorus—15 460 mg gave

103 970 mg. of (NH4)aP04 I2M0O3 ;
found, P 9 77.
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Composition of the A Fraction

The A fractions from three batches of bacilli were combined and

subjected to five reprecipitations with alcohol from their acidified

aqueous solutions as described above. The combined amount of

623 mg. yielded 410 mg. of a faintly yellow powder, the mother

liquors an additional amount of 16 mg. This purified polysac-

charide did not differ essentially from the A fraction. It formed

a weak and dextrorotatory acid and contained 77.2 per cent re-

ducing sugars (calculated as glucose) includmg 29 per cent of

amino sugars (calculated as glucosamine). Thus, 28 per cent of

the nitrogen contained in the polysaccharide is accounted for as

ammo sugar nitrogen. The naphthoresorcinol reaction for glu-

curonic acid of Tollens and Neuberg, as described by van der

Haar (15), was negative.

Acid JSgmvdlent^—4.^, 4 904 mg used 0 369, 0.398 cc of 0.01 N KOH;
found, acid equivalent 1255, 1232.

Optical Rotation—17 77 mg,, dissolved in 5 cc of water and examined in

a 2 dm. tube, had a = +0.55®; found, [a] S = +77.4®,

Ekmeniary Composition—-Z 850 mg gave 6.010 mg. of CO2, 2.410 mg. of

H2O; found, C 42.57, H 7.00.

5.670 mg. U8ed0.229 cc. of 1/70 n HCl; found, N 0.82.

15.325 mg gave 9.074 mg. of 12M0O3; found, P 0 86

Of this polysaccharide 296 mg. were hydrolyzed with 25 cc. of

1 N suKuric acid for 2| hours. After accurate neutralization with

banum hydroxide solution and centrifugation, the supernatant

liquid was concentrated in vacuo to a volume of 4 cc. To the

filtered solution 300 mg. of freshly distilled phenylhydrazme were

added. The mixture, from which platelets crystallized after a

short time, was kept in the cold for 24 hours. The crystals were

filtered off, washed with ice-cold water, and dried; they weighed

202 mg., corresponding to 135 mg. of mannose or 45.6 per cent of

the polysaccharide. After three recrystallizations from 60 per

cent alcohol, 150 mg. of almost white platelets were obtained,

which melted under decomposition at 194-195° (corrected). A
mixture of the hydrazone with mannose phenylhydrasone showed

no depression of the melting point.

* All analyses are calculated on an ash-free basis.
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Nitrogenr-6 350 mg. gave 0.499 cc. of Na (24®, 755 mm.); found, K 10.65.

Calculated for CiaHisOsNa (270.1), N 10 37.

The filtrate from the mannose phenylhydrazone was treated

with 0.5 cc. of benzaldehyde. The benzalphenylhydrazone was
filtered off and the filtrate extracted with ether several times and
concentrated in vacuo to a syrup. The residue was taken up in

2 CO of 75 per cent alcohol and 300 mg, of freshly prepared a-ben-

zylphenylhydrazine (boiling point 170® at 7 mm. of Hg) m 0.76 ec.

of 75 per cent alcohol were added. After 1 day in the refrigerator

crystals had separated which were filtered off, washed with cooled

alcohol, and dried. They weighed 50 mg., corresponding to 23 mg.

of arabmose or 7.7 per cent of the polysaccharide. After three

crystallizations, from 1 cc. of 75 per cent alcohol each time, 11 mg.

of prismatic crystals were obtained, which melted at 175-176°

(corrected) There was no depression of the melting point on

admixture of d-ardbinose a-benzylphenylhydrazo?i€ prepared from

the polysaccharide of tubercle bacilli wax.^ A mixture of the

hydrazone with J-arabinose a-benzylphenylhydrazone showed a

depression of the melting point of 9°.

Nitrogen—4,933 mg gave 0 381 cc. of Nj (21®, 757 mm ); found, N 8,93.

Calculated for C18H22O4N2 (330 2), N 8.48

The filtrate from the arabinose benzylphenylhydrazone was

treated with 0.5 cc. of 40 per cent formaldehyde according to the

method of Ruff and Ollendorff (16) and evaporated tn vacuo to

dryness. The residue was taken up in 0 1 cc of water and 190 mg.

of freshly prepared o-tolylhydrazine (boiling pomt 130° at 9 mm.
of Hg) in 3 5 cc, of absolute alcohol were added. No trace of

galactose hydrazone was obtained, even after seeding with a crj^s-

tal of d-galactose o-tolylhydrazone

The mixture was treated again with 40 per cent formaldehyde

and concentrated in vacuo to diyness. The residue was dissolved

in water, filtered, evaporated, and dried. A brownish syrup was

obtained which weighed 115 mg. It was treated with 96 per cent

alcohol until a small amount of a solid substance remained, which

formed 16 mg. of an almost white amorphous powder. This sub-

* We wish to thank Professor R. J Anderson of Yale University who
kindly supplied a specimen of this compound



402 Bacillus Calmette-Gu^rin

stance was refluxed with 0.9 cc of hydrochloric acid (1 part of

concentrated HCl in 1 part of water) ; the dark colored solution

was heated with charcoal (norit), filtered, and concentrated m
vacuo to 0,3 ec No definite inositol crystals were obtained, but

the solution gave a strong Scherer reaction, when tested following

the method of Salkowski (17).

The solution containing the alcohol-soluble parts of the syrup

mentioned above was evaporated m vacuo, taken up in a few ec.

of water, and treated with solid barium carbonate. The mLxture

was evaporated to dryness on the water bath. The residue was

extracted with boiling 90 per cent alcohol several times, which

removed the sugars present The undissolved barium salts should

have contained all substances of acid nature. They were extracted

with boiling water and dilute sulfuric acid was added to the filtered

solution. The amount of barium sulfate formed (1.51 mg.) cor-

responds to 2.5 mg, of glucuronic acid. The reaction for uronic

acids in the filtrate from the barium sulfate ivas negative.

Composition of the S Fraction

Of the combined S fractions, 600 mg. w'ere dissolved in 8 cc. of

40 per cent acetic acid and the solution was clarified by centnfuga-

tion. The supernatant liquid was carefully neutralized against

phenolphthalein with 10 per cent ammonia which was slowly added

from a burette The voluminous precipitate was centrifuged off,

washed with dilute ammonia, alcohol, and ether, and dried. It

formed 241 mg. of a white powder which contained 69.2 per cent

of inorganic constituents. By a microanalysis these were found

to consist of approxmiately equivalent parts of calcium and phos-

phorus; thus the presence of calcium phosphate may be deduced.

The spot test for magnesium with p-nitrobenzene azoresorcinol

according to Feigl (18) was negative After hydrolysis of a sample

for 2 hours with 1 x hydrochloric acid 25 4 per cent of reducing

sugars (calculated as glucose) \cas found.

This experiment showed that part of the polysaccharide could

te freed from the calcium phosphate complex To the animo-

niacal supernatant liquid (about 52 cc ) from the above precipi-

tation, 1 cc of glacial acetic acid and 450 cc of 95 per cent al-

cohol were added. A polysaccharide was precipitated, which

after treatment with absolute alcohol formed 162 mg. of a faintly
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yellow powder. Since it contained 93.6 per cent (rf reducing

.sugars, as compared with 77 per cent in the A fraction, it appears

probable that the polysaccharides present in the A and S fractions

are not identical.

Immunological Properties of Polysaechandes

All A and S fractions examined by us were haptens, but did not

exert any antigen activity Two rabbits received nine intravenous

injections of a 0.1 per cent solution of the A fraction in the course

<rf 27 days. A total amount of 45 mg of polysaccharide was

injected into each animal. The sera, which were collected 6 days

after the last injection, did not contain any antibodies and did not

react with the polysaccharide or with the BCG phosphatide.

All preparations gave very marked precipitation with two anti-

BCG horse sera. The final dilutions varied for different prepara-

tions between 1:250,000 and 1:1,000,000. The A fraction also

reacted with an antitubercle bacillus horse serum (diaplyte senim)

for which we are indebted to Dr. S. R. Douglas of the National

Institute for Medical Research, Hampstead, London. The prepa-

rations reacted only feebly with anti-BCG rabbit sera. Antigen

controls (with normal horse serum, aiitistreptococcus or antiplague

serum) and serum controls were run in all experiments

The A and S preparations seem to have been comparatively pure

from the very beginnmg, as their serological activity did not in-

crease considerably on prolonged purification. It also should be

noted that the S fractions, although containing only half the

amount of polysaccharides as the A fractions, were as active immu-
nologically as the latter.

Proteins

The bacteria (Experiment 1), weighing 60 gm., were first ex-

tracted with 0 2 N acetate buffer at pH 4 1, in order to remove the

polysaccharides, as described above. The material then was ex-

tracted in the cold successively with 500 ec. of 0.2 n acetate buffer

at pH 6.2 and with 400 cc. of m/15 phosphate buffer at pH 7.7 and

at pH 9 2 respectively. No appreciable amounts of proteins could

be precipitated from these solutions by acetic add or saturation

with ammonium sulfate. The residue from the last extraction was

digested with 400 cc, of 0 5 per cent aqueous potassium hydroxide
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in the cold for 5 days. After centrifugation enough 1 n acetic

acid was added to the supernatant liquid to make it acid against

litmus A precipitate formed which was dissolved in 60 cc. of

0.2 N potassium hydroxide solution. The resulting turbid solution

was centrifuged at high speed and the protein precipitated with 1 n
acetic acid. This precipitation was repeated twice and the protein

centrifuged off, washed with acetone, and dned tn vacuo over

phosphorus pentoxide, A light brown powder was obtained which

weighed 1.12 gm and gave strong biuret, IMillon, and Molisch

reactions. This protein contained 1 5 per cent of ash. It had a

comparatively weak tubercuhn activity'.

Analyses {Calculated on Ash-Free Basis)—4 994 mg. gave 9 115 mg of

COt, 3 060 mg of HjO; found, C 49.76, H 6 86

10.131 mg. used 7 77 cc. of 1/70 n HCl; found, N 15.34

9.260 mg. gave 0 800 mg of BaS04 ;
found, S 1 19,

25 170 mg. gave 29 018 mg of (XH4)3P04 * 12 MoOsJ found, P 1 67.

Optical Rotation—14Q 05 mg
,
dissolved in 10 cc, of 2 n KOH and brought

with acetic acid to pH 8 2, had, examined in a 0 5 dm. tube, a « —0 35*;

found, « -50*.

Some of the analyses recorded in this paper have been carried

out by Dr. A. Elek of the Rockefeller Institute for Medical Re-

search, and by Miss M. Reiner of the IMount Sinai Hospital.

SUMMARY

1. Two polysaccharides giving precipitations with anti-BCG

horse sera have been prepared from defatted Calmette-Gu5rin

bacilli (BCG).

2. The polysaccharide designated as fraction A is a water-

soluble, dextrorotatory, weak acid containing 77.2 per cent of

reducing sugars and 2,9 per cent of ammo sugars. Its main com-

ponents are mannose and d-arabinose together with a small amount

of inositol.

3. The polysaccharide designated as fraction S is insoluble in

water and alkali, and soluble m acids. It is a strong adsorption

compound between equal parts of a polysaccharide, containing

94 per cent of reducing sugars, and of calcium phosphate.

4. The chemical and unmunological properties of a protein

obtamed from BCG are described.
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THE AMIDE NITROGEN OP OVALBUMIN

By AGNES SHORE, HILDEGARDE WILSON, and
GEORGE STUECK

{From ike Department of Chemistry^ New York University College of

Medicine^ New York)

(Received for publication, September 10, 1935)

In the hydrolysis of protein by strong acids, the ammonia which
^

IS set free constitutes an important fraction of the nitrogen of the

protein. Its determination has become part of the routine of

protem analysis. From the results of Henderson (1), Gortner and

Holm (2), Pittom (3), Van Slyke (4), Vickery (5), and others,

however, it has become clear that the amount of ammonia which

is obtained depends to some extent upon the conditions of hydroly-

sis. The curve which relates ammonia production to time is not

that of a simple reaction. It appears rather to be the resultant

of a rapid process complete m a few hours, and a much slow^er

reaction which contmues indefinitely It is generally assumed

that the more rapid reaction consists m the hydrolysis of primaiy

acid amide groups. The secondary evolution of ammonia is

usually attributed to such reactions as may be comprehended

in the term deamination If this be the situation, then it follows

that precise determmation of amide nitrogen can be made only

by an analysis of the time course of ammonia production. This

was the method adopted by Vickery (5), and is the one which we
have used m the present study.

Our observations comprise determinations of the amounts of

ammonia formed at intervals during the protracted hydrolysis

of ovalbumin in three concentrations of hydrochloric acid (ap-

proximately 5, 1, and 0.2 m) and at two temperatures (100® and
85®). The results are summarized in the curves of Figs 1 and 2,

wherein ammoma is expressed m equivalents per mole of dry,

ash-free ovalbumin. The molecular weight of ovalbumin was
assumed to be 34,500

Rate of Deamination—^The data included in Fig 1 have been

407
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chosen to illustrate the nature of the deamination process. It

will be seen that during the first stages of deamination the rate

can be satisfactorily descnbed by a straight Ime. It appears that

the rate of deamination is substantially unaffected by the con-

centration of acid, and further, that the temperature coefficient

is not large. From the slopes of the lines we calculate that the

rate at 100° is approximately 0.048 equivalent of ammonia per

mole per hour, and at 85° is 0 029 equivalent per mole per hour.

These correspond respectively to 0.0014 and 0.00085 milli-equiva-

lent per gm. of protein per hour.

Deamidation—If both deamination and deamidation are in-

volved in the early part of the process, then extrapolation of the

straight line of deammation rate should meet the ordinate at a

value corresponding to the equivalents of amide nitrogen in the

protein. Actually the extrapolation leads to values which dimin-



Shore, Wilson, and Stueck 409

ish with the concentration of acid and the temperatiure. We
believe that this is due to the fact that deamination does not be-

come established at its full rate until hydrolysis of the protein is

far advanced, and hydrolysis of amides nearly complete. In

conformity with this view are the observations that complete

solution of the protein in the acid did not occur until the curve

approached its straight line phase, and that visible humin forma-

tion did not begin until about the same time.

Fig. 2 Velocity of deamidation in 0 2 m HCl at 100“ and 85“. The con-

tinuous curves are calculated from the mean unimolecular velocity con-

stants, assuming the total amide nitrogen is 24 equivalents per mole. The
discrete points are experimental observations

Analysis of Fig, 1 on this basis leads to the conclusion that

the probable value for the amide nitrogen lies between 24 and
25 equivalents per mole of protein (0,70 and 0.725 milli-equivalent

per gm.). One is tempted to argue that the value of 25 equiva-

lents per mole, which is derived from the curve for 5 m acid at

100 is the more probable because in this case the extrapolation

is so small as to introduce a negligible error. It is doubtful, how-
ever, if such precision is justified. Even when due allowance has
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been made for deamination, we have still to prove that the value

arrived at by extrapolation is a measure of acid amide groups only.

This seems beyond definite proof at present. If it could be shown,

however, that this phase of the reaction simulated a first order

reaction, then there would be presumptive evidence for the con-

clusion that only one type of group was involved.

The experiments with 1 m and 5 m hydrochloric acid were use-

less for analysis of the time course of deamidation, because a solid

phase was present dunng the major part of the reaction. It was

found that in solutions of hydrochloric acid between 01 m and

0.25 M, ovalbumin would remain in solution throughout hydroly-

sis. Measurements were accordingly made of the rate of the

primary phase of ammonia production at 100^ and at 85® in

0.2 M hydrochloric acid

The experimental observations are shown as discrete points

in Fig, 2 The oontiiiuoiis lines are unimolecular velocity curves

in the calculation of which it was assumed that the total amide

nitrogen was 24 equivalents per molecule of protem. The velocity

constant used in each case was the mean of the values calculated

from the mdundual observations. We chose 24 rather than 25

equivalents for the amide nitrogen because more consistent con-

stants were calculated from all but the very last few observations

at 100® if the lowe^ value was used. In view of the fact that

deamination has probably commenced before the completion of

deamidation, these later points will be expected to be displaced

slightly above the theoretical curve. On the e’^ddence presented

one is entitled to conclude that the first stage in the production

of ammonia follows a unimolecular curve over more than 00 per

cent of its course The velocity constants found were 7.16 X
10“® at 100® and 1.83 X 10-^ at 85®, natural logarithms being

used and the time being measured in seconds. The value at 85®

is subject to some error due to lack of precLsion in the control of

temperature.

The significance of the unimolecular character of this reaction

is not clear. We prefer to postpone discussion until the behavior

of other proteins has been examined In the meantime it is

legitimate to conclude that all, or almost all, of the ammonia
determined by extrapolating the rate of deamination to 0 time

originates in one type of group. There can be little doubt that

this is the acid amide group. On the basis of all the evidence
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we have cbosen 24 equivalents per melecule of ovalbumin eb tiie

most probable value for the amide groups.

Reviewing the variables of acidity and temperature as they

affect the two stages in the production of ammonia, we may ccm-

clude that increase in either variable favors deamidation more
than deamination. The best conditions for the determination of

amide nitrogen would appear to be hydrolysis in a high concen-

tration of acid at a high temperature for a short period. In the

case of ovalbumin a substantially correct result is to he expected

after 6 to 10 hours at 100*^ in 20 per cent hydrochloric acid. At
the boiling point, the time should be reduced to 3 to o hours.

In Table I we have assembled from the literature sundry values

Table I

Various Values for Amide Nitrogen of Oialbumin

Author ConditioBB NHapw
Tnol«

Osborne and Harris (6) Boiling 20% HCl, 10 hrs 33 2
“ Jones, and Leaven-

worth (7) 207o “ 20“ 33 0

Calvery (8) “ 20% “ 30 “ 34 2

Van Slyke (4) 20% HCl, 100% 10 hrs 21 3

20% “ 100% 24 “ 23 1

20% “ 100% 48 “ 29 $

Pittom (3) Boiling strong HCl, see text ; 24 8

Shore, Wilson, and Stueck See text ! 24 0

for the amide nitrogen of ovalbumin. The value attributed to

Pittom was calculated by extrapolation from a series of deter-

minations which the author made during a hydrolysis in boiling
*

‘strong” hydrochloric acid. The result agrees well with ours

Other values in Table I were made as part of the routine of pro-

tein analysis, and are all considerably higher They emphasize

the necessity for control of the error due to deamination. The

values attributed to Van Slyke were calculated on the assumption

that the protem used by him contained 15 7 per cent nitrogen.

EXPERIMENTAL

The experiments reported have been conducted at intervals over

a period of 4 years, and four separate preparations of crystalline

ovalbumin have been employed One had been crystallized by
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the method of S0rensen (9), the others by a modification of this

method in which sodium sulfate replaced ammonium sulfate as

the salting-out agent. Three of the preparations were recrystal-

lized three times. One, which had been crystallized once from

sodium sulfate, was repreeipitated three times in the amorphous

form. The first preparation was coagulated and dried with

alcohol and ether; the others were used m the form of dialyzed

solutions. In spite of these variations m the method of prepara-

tion, all the materials gave the same amide nitrogen within the

experimental error of 1 equivalent per molecule. The basis of

calculation was the weight of dry, ash-free protein determined

experimentally, all measurements of protein solutions being made
with a dry pipette calibrated for the weight of protein in the vol-

ume of solution which was delivered under standard conditions.

The reaction mixtures, containing about 0 5 gm of protein and

the desired concentration of hydrochloric acid, were sealed in

glass tubes and placed in the constant temperature bath at 100®

or 85°. The mixtures were so prepared that the amount X)f acid

was not less than 10 times the number of equivalents of nitrogen

in the protein present. In this way change of pH during the

progress of the reaction was controlled. At suitable intervals a

tube was removed from the bath, cooled in ice, and its contents

transferred to the apparatus in which ammonia was determined.

The alcohol steam distillation method of Foreman (10) was

used in the first experiments. We found that this required careful

control to prevent slight amide hydrolysis during the distillation,

although under proper conditions it gave reliable results. For the

majority of the work we abandoned this method for the usual

one of distillation in vacuo Instead of using magnesia for the

liberation of ammonia from the barely neutralized hydrolysates,

we employed a concentrated borate buffer of pH 10. This was

done with the object of minimizing alkaline hydrolysis during the

distillation.

This work was undertaken at the suggestion of Professor R. K.

Cannan, whose interest and ad\dce we wish to acknowledge.

SUMMARY

By analysis of the time course of ammonia production during

the hydrolysis of crystalline ovalbumm m 5, 1, and 0 2 m hydro-
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chlonc acid, it is concluded that the probable value for the amide
groups is 24 equivalents per mole

The hydrolysis of the amide groups is a first order process.

Velocity constants found are 7.15 X 10-^ at 100® and 1.83 X
10“^ at 85®, natural logarithms being used, and with the time

measured in seconds.

BIBmOORAPHY

1, Henderson, Y,, Z physioL Chem.y 29, 47 (1900)

2 Gortner, R A., and Holm, G. E
,
J*. Am. Chem. Soc

, 89, 2736 (1917).

3. Pxttom, W. W. P ,
Biochem, J., 8, 157 (1914)

4 Van Slyke, D D
,

BioL Chem., 12, 295 (1912).

5 Vickery, H. B., /. Biol Chem,, 53, 495 (1922).

6. Osborne, T. B., and Harris, I F., J. Am Chenu Soc., 26, 323 (1903).

7. Osborne, T. B., Jones, D B., and Leavenw’ortb, C. S , 4m J. Physiol
,

24, 252 (1909).

8. Calvery, H O., J. Btol Chem
, 94, 613 (1931-32)

9. S0rensen, S P. L
, and H0yrup, M

,
Compt.-rend irav Lab Carlsbergj

12, 12 (1917).

10 Foreman, F W ,
Biochem Z

,
22, 208 (1928)





EXPERIMENTS UPON THE EXTRACTION AND STABIL-
ITIES OF VITAMIN B (Bi) AND OF LACTOFLAVIN

Bt bertha BISBEY and h c. shermax
{From the Department of Chemistry, Columbia University, New York)

(Received for publication, September 11, 1935)

The gratifying new knowledge of the chemical natures of vita-

min B (Bi) and of the lactoflavin factor of vitamin B^ or G gives

added interest to the further questions whether related substances

of like nutritional potencies may still be found, and to what extent

these vitamins occur free and to what extent in combination with

proteins or other substances in plant and animal tissues and secre-

tions. Hence, the experiments upon extractions of natural mate-

nal with alcohol here recorded, while planned and performed before

some of the advances mentioned above had been published, should

still be helpful to the fuller working out of the properties of these

vitamins or their compounds as they occur in nature, and our re-

sults can now be interpreted with more permanent validity than

would have been possible before.

The recent work of several investigators has shown that the

more heat^stable part of the vitamin B complex can in turn be

resolved into two or more factors, one of which is flavin. And the

work of Booher, Blodgett, and Page (1) shows that it is the flavin

value which is measured by the method of Bourquin and Sher-

man (2) . The work of Sandels on vitamin G (3), in the same labo-

ratory by nearly the same method as that of Bourquin, doubtless

dealt wuth the same factor, and suggested that its stability may
be unfavorably influenced by alcohol. The experiments briefly

summarized m the present paper deal primarily with the quantita-

tive aspect of extraction by alcohol of the vitamin B (Bi) and

flavin factors as they exist naturally in milk.

EXPERIMENTAL

Skim milk powder was the source material here employed.

Work published meanwhile indicates that most, but not all, of the
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lactoflavin of milk is in a relatively diffusible form and, therefore,

presumably either not combined or only loosely combined with

the proteins present; that the two now recognized constituents of

the vitamm G or Ba complex are present in milk in essentially the

same relative proportions in which they are needed in the nutrition

of mammals (4) ;
and that they are not readily separated by ordi-

nary extraction processes, though separable by adsorption (1, 4).

Our starting material had been prepared by the spray-drymg of

skim milk, in which process the water is evaporated so quickly and

at such a low temperature as to make it highly probable that the

chemical forms of both vitamins remained essentially as in the

fresh milk.

In each of our extraction experiments, 100 gm. of this skim milk

powder, after removal of hygroscopic moisture by drying m vacuo

over sulfuric acid, were mixed with 250 cc. of alcohol (absolute

or 80 per cent by weight, and with or without the addition of 1

per cent of glacial acetic acid) and transferred at once to a perco-

lator through which a current of purified nitrogen was flowing.

The current of purified nitrogen vras continued as a means of con-

stant stirring, as well as of removing any residual air, the perco-

lator being tightly stoppered and sealed with shellac. After 2

hours extraction the stop-cock of the sealed percolator was opened

to permit the filtrate (still under purified nitrogen) to pass through

paper and cotton on a porous plate, into a distillmg flask previously

filled with purified nitrogen. The filtration process was so stand-

ardized as always to occupy approximately 1 hour, so that the

total time of contact of material with solvent should be the same

in every experiment. The treatment of the residue with the sol-

vent was then repeated and the second portion of solvent left in

contact with the material overnight at room temperature (about

22°), special care being taken that all connections were air-tight.

In the morning the extract was filtered off as before and the residue

treated twice more with 250 cc. of the solvent. Thus each 100 gm.

sample of the dry (nearly fat-free) milk powder was extracted with

a total of 1000 cc. of solvent, in four successive operations, during

a space of 24 hours, air being carefully excluded by punfied nitro-

gen throughout. (There were also comparative extractions in an

atmosphere of oxygen.)

We also performed a series of fractional extraction experiments
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in which the treatment as just described was carried through first

with absolute alcohol, then followed by the same treatment with

8Q per cent alcohol durmg a second 24 hours.

At the end of each extraction experiment the residue was dried

ifi vacuo over sulfuric acid; the extract was concentrated under
reduced pressure at a temperature of 21-20*^, and then dried upon
a regulated amount of corn-starch m a vacuum desiccator, the

atmosphere of purified nitrogen bemg maintained throughout.

The corn-starch had previously been dried at 40® in a vacuum oven

under nitrogen to free it from occluded air, as recommended by
ProfessorT C. Taylor whose guidance in the handlmg of the starch

IS gratefully acknowledged. In view of the work done meanwhile

in other laboratories upon lactoflavin, it should be explained that

the extraction experiments were carried out m ordinary or Pyrex

glass containers in a room which was lighted through thick glass

windows in the daytime and was entirely dark at night, and the

preparations were stored m a dark refrigerator during the subse-

quent feeding experiments. Also, heavy denim covers were placed

over desiccators containmg material which was being dried or

stored in vacuo or under duninished pressure. Thus the possible

influence of visible light upon the lactoflavin was not entirely pre-

cluded but was very considerably minimized.

In all cases identical preparations were fed for vitamin B (Bi)

and for flavin values, the feeding experiments following immedi-

ately upon the extraction experiments, the latter being repeated

weekly so that the preparations should be only from 1 day to 1

week old as fed (the preparations were stored during the week of

feeding in a dark refrigerator at about 10®).

Each measurement of a vitamin value invoh'ed the feeding of

from four to ten experimental animals at the level of intake which

was found suitable for the making of quantitative comparisons as

in the experiments of Chase and Sherman (6) for the determination

of vitamin B (Bi) ;
and of Bourquin and Sherman (2) for ^Hita-

min G,” i.e for flavin values. Our expenence in the determina-

tion of vitamin B has confirmed both that of Chase and Sher-

man (5) and that of Williams, Waterman, and Gunn (6), showmig

that the two sets of findings are not in conflict, but rather are sup-

plementary to each other. The method of autoclaving used by

Chase and Sherman is effective in destroying the vitamin B (Bi)
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Fig 1 Average weight curves of test animals comparing flavin values of

80 per cent alcohol extracts and residues of skim milk pow der Extractions

made (1) in an atmosphere of purified nitrogen (Curves B, Bi, B2) and (2)

in an atmosphere of oxygen (Curves C, Ci, C2). The weekly allowance was

3 6 gm. of skim milk powder, for the positive controls; or for each test

animal a corresponding amount of an extract or a residue; or a mixture of

extract and residue, one-half the amount of each The individual curves

represent the results of feeding: Curve A, skim milk powder (positive con-

trols); Curve B, extract made under nitrogen; Curve Bi, residue from ex-

tract made under nitrogen; Curve Ba, mixture of extract (B) and residue

(Bi); Curve C, extract made under oxygen; Curve Ci, residue from extract

made under oxygen; Curve C2,
mixture of extract (C) and residue (CO;

C’urve D, basal diet only (negative controls).
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of yeast of the type which they employed; while the different type

of yeast encountered by Williams, Waterman, and Gurin requires

a more drastic treatment because of its acidity and its higher

initial content of the antineuntic vitamin Our measurements

of vitamin values were guided by this experience and in other

details by the experience of other colleagues; but our feeding

methods were essentially as described m other papers from this

laboratory. The accounts and detailed data of the assays of the

extracts and residues may, therefore, be omitted for the sake of

brevity and the findmgs may be summarized with the aid of a
smgle chart (Fig. 1).

SUMMARY

The vitamm B (Bi) value was found to be well conserved

throughout the extractions and drying of extracts made as de-

scribed, whether the solvent were neutral or acidulated alcohol,

absolute or of 80 per cent by weight. Practically all of this vita-

mm (m the form found m milk) was extracted by 80 per cent

alcohol, and practically none of it by absolute alcohol, under the

conditions described. Acidulation of the alcohol with 1 per cent

of glacial acetic acid had no measurable effect upon its solvent

effect in this case Additive results were obtained with mixtures

of extract and residue, mdicating no vitiation of the feedmgmethod
by lack of any ' new^' or unknown factor.

Notwithstanding its well known greater stability to heating,

the vitamin G or flavin value was apparently somewhat less com-

pletely conserved than that of vitamm B. That oxidation by
residual or occluded air is not a very destructive influence in ex-

tractions of this sort may be seen from Fig. 1. In view of this

fact and the recent findings of Supplee, Ansbacher, and Bender (7)

the diminution of flavin value was most probably due to the com-

bined effects of the visible light which penetrated the glass con-

tainers in which the extractions were performed, the small amount

of residual oxygen, and possibly a slight influence of the alcohol

present

Under the conditions described, the flavin value of milk powder

was not measurably extracted by absolute alcohol at room tem-

perature; by 80 per cent alcohol at room temperature it was less

completely extracted than was the vitamin B (Bi) value, about
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equal amounts of the flavin appearing in the extract and in the

residue as seen in Fig. 1. When these results are compared

with those of other workers, it would appear that the solu-

bility of lactoflavin in alcohol increases rather rapidly with tem-

perature. The extraction of flavin from milk powder was^not

measurably influenced.by acidulating the alcohol with 1 per cent

of glacial acetic acid. Quantitative feeding expenments with mix-

tures of extract and residue gave no indication of any measurable

separation of essential factors; but rather confirmed the evidence

of other experiments that measurements of vitamin G values as

hitherto made by the Bourquin method are essentially measures

of flavin values—^whether of the natural food or of such extracts

and residues as are here described

While all estimates of relative amounts and partial losses of

the vitamms here discussed are based upon the quantitative data

of the weight curves, the identities of the factors dealt with were

sufficiently verified by frequent observations upon the symptoms

of nutritional deficiency in the experimental animals employed.
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ON THE PLASTID PIGMENTS OF MARSH 1X)DDER

ByG mackinney*

(From the Carnegie Institution of Washington, Division of Plant Biology,

Stanford University, Califorma)

CReceived for publication, August 26, 1935)

The dodders, comprising the genus Cuscuta m the family Con-
volvulaceae, are described by Jepson (1) as, ^'Annual leafless para-

sites, destitute of green color, with twining filiform stems. . . The
germinatmg seed produces a twining stem; this becomes parasitic

by means of suckers which penetrate the bark of the host.’’

Two species have been examined, Cuscuta suhtnclusa (which

parasitizes chaparral and poison oak) and Cuscuta salina, the

marsh dodder (found on saline herbs). The color of the former is a

pale straw with a faint greenish tint.^ That of the latter is golden,

changing to a fiery red as the season advances. A restricted region

at the base of the minute white flower is green. By sectioning the

flowers, one may observe that the green region is definitely local-

ized—^in the bud, around the vascular tissue about the receptacle;

m the mature flower, to the ovules and maturing fruit. The under

surface of a mass of marsh dodder may also appear greenish-

The lack of pigmentation and sparse distribution m this locality

of the former species made detailed study impossible, though there

is apparently no major difference in the pigment complex of the

two species

Detection of Chlorophyll—^T\’hen 6 gm. of the flowering portions

were macerated with 95 per cent alcohol, a filtered extract ga^^e

sharply defined absorption bands with maxima at 666 mp and 620

mjx, with the end absorption commencing at about 520 my. In

an equivalent extract from the stems, the prominent red absorp-

tion band of chlorophyll was barely discernible; chlorophyll was

similarly detected m Cuscuta subinclusa

* National Research Council Fellow.
^ The writer is informed it ma\ appear definitely green w hen grow ing

in the shade

421
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Carotenoid Pigments—^Examination of crushed sections of the

stems under the microscope shows the reddish colormg matter to

be segregated in small bodies, plastid-like in appearance.

During the isolation of a- and jS-carotenes from dodder, from a

petroleum ether crude extract (2), it was noticed that the bulk of

the color was due to pigments more strongly adsorbed than either

of these components In this experiment, a total fresh weight of

16 0 kilos of dodder was picked, and one-half of the a- and i3-caro-

tene was worked up, to yield 99.0 mg of recrystallized carotene,

or 12.6 mg. per kilo (2) By washing the column of adsorbent

(36 cm. X 6.5 cm in diameter) with petroleum ether, by the

method of Strain (2, 3), there were left on the column, after elution

of the Or and iS-carotenes, three wide reddish colored zones, sur-

mounted by a greenish zone of chlorophyll or its derivatives.

These reddish zones were partially separated by successive wash-

mgs with benzene (2 liters) and dichloroethane (3 liters).

From the band immediately succeeding the jS-carotene, 20 mg.

of a pigment identified as 7-carotene were obtained (m.p. 164-165'’

corrected; absorption spectra maxima, in ethanol at 489 and 460

wpt, in carbon disulfide at 530, 496, and 471 mfx) From the next

band approximately 2 mg. of lycopene were isolated (absorption

maxima, in carbon disulfide at 544, 507, and 472 mfj). From the

most strongly adsorbed band, 8 mg. of rubLxanthin were obtained

(m. p. 168-169® corrected; absorption maxima in carbon disulfide

at 529, 495, and 470 wzju, indistinguishable from 7-carotene).

Values for e, the molar absorption coefficient, were obtained for

samples of 7-carotene and rubixanthin (Table I) in carbon disul-

fide.

Identification of these pigments has been based upon their two

most characteristic properties, behavior on an adsorbent, and

absorption spectra. It may be doubted whether, in view of their

low melting points, a purity greater than 90 to 95 per cent has

been attained. From the work of Haiisser (4), it may be antici-

pated that the absorption coefficients of 7-carotene and nibixan-

thin should be intermediate between those of /5-earotene and lyco-

pene, as they contain one more conjugated double bond than the

former, and one less than the latter. The absorption coefficients

are shown to be in agreement w^ith this intermediate position.

The difficulties of purification are due to apparently abnormal
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concentrations of waxes, presumably related to conservation of

water in a balophytic environment. Stram (5) has shown that a
wax-like hydrocarbon may precede the a-carotene with little or
no adsorption. A similar substance is present in dodder, in such
large amounts (18 gm. were isolated m crystalline form) that it

was impossible to separate it efiFectively from the 99 mg. of a- and
/S-carotenes solely by adsorption technique. The lycopene hand
was likewise exceptionally high in colorless impurities.

It was recognized that the low yields of the more strongly ad-

sorbed pigments were in part due to impurities, but more especially

to the length of the time they were adsorbed on the column when
petroleum ether was used An effective separation into four main

TABIiE I

Molar Absorption Coefficients in Liters per Mole Cm.

Pigment

1

«X 10-*

No of
conju*
gated
double
bonds

i9-Carotene* 10 42 at 483 nifi 9 24 at 512 mju 11

7-Carotene 10 78 " 497 “ 9 71 “ 529 « 12

Rubixanthin 11 40 “ 495 “ 10 24 “ 529 “ 12

Lycopene* 13 6 “ 508 “ 12 6 “ 544 “ 13

* Included for comparative purposes, from observations made at that

time. For absolute values, and discussion, see the paper by Smith (Smith,

J H. C ,
presented before the Organic Division at the meetmg of the

American Chemical Society at San Francisco m 1935).

bands has been attamed with petroleum ether containmg 15 to

20 per cent dichloroethane. Under such conditions, neither the

lycopene nor 7-carotene bands appear homogeneous, but it has not

been possible to obtam eluted solutions m which the lycopene and

7-carotene spectra do not mask additional components. Inas-

much as some chlorophyll is found in dodder, one may surmize

that traces of the more commonlj" occurring leaf xanthophylls are

also present. As an instance of the improvement in yields, by

reduction of the time factor, the following experiment may be

cited. A 75 cc petroleum ether-concentrated extract (from 0,24

kilo of meal, 1 65 kilos fresh weight) was passed over a column of

magnesia (37 cm X 6 5 cm in diameter) and w'ashed with appruxi-
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mately 2 liters of petroleum ether containing 15 per cent dichloro-

ethane. Four main bands were obtained. Owing to the presence

of the dichloroethane, there was virtually no separation of a- and

/S-carotene from the wax-like substances, and this fraction was

washed through. The column was then mechanically divided,

and each colored zone was eluted with pyridine (which was found

to be even more satisfactory than alcohol for removing strongly

adsorbed pigments). The solutions were rapidly concentrated to

3 to 5 cc., to which double the quantity of absolute ethanol was

added, and the pigments were allowed to crystalhze.

Yields of 4 to 5 mg. of crude rubixanthm, 8 to 9 mg. of lycopene,

and 36 mg. of 7-carotene Tvere obtamed. These represent, per

kilo of freshweight, 2 to 3 mg of rubixanthin, 4 to 6 mg. of lycopene,

and 20 to 25 mg. of 7-carotene. The af,i8-carotene content has

already been reported, 12 5 mg. per kilo (2)

SUMMARY

In an investigation of the plastid pigments of marsh dodder,

it is shown that chlorophyll is present, though in low concentra-

tion, except possibly in sharply localized regions a- and /3-caro-

tenes, 7-carotene, lycopene, and rubixanthm have been isolated.

An unusually high concentration of unsapomfiable colorless ma-

terial is encountered, which hinders a rigorous purification of the

various components. Identification of the 7-carotene and rubi-

xanthin IS based on their two most characteristic properties, be-

ha\dor on an adsorbent and absorption spectra.

The dodder represents the nchest source of 7-earotene known to

the writer, readily available in California.

Acknowledgment is made to Dr. H. A Spoehr and all members

of the Division for advice and suggestions
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A CRYSTALLINE BY-PRODUCT OBTAINED IN THE
LARGE SCALE EXTRACTION OF THEELIN

AND THEELOL

By a W. DOX, W G BYWATER, axd F. H, TENDICK
{From the Research Laboratories of Parke, Dans and Company, Detroit)

(Received for publication, September 6, 1935)

In the commercial extraction of theelin and theelol from human
pregnancy urine, an acidic, nitrogenous, crystallme substance may
be separated from the crude extract. Prelmimary Allen-Doi&y

tests showed this compound to be estrogemcally inert The con-

stant occurrence of this substance (about 4 mg. per gallon of urine)

suggested that a precumor of theelin or theelol had been earned

through the process If such were the case, a simple acid or al-

kaline hydrolysis to theelin or theelol should then be po«?Pible

However, the by-product was resistant to hydrolysis. The high

decomposition temperature, extreme insolubility in ordinary or-

ganic solvents, and the relative stability of the substance indicate

a hitherto unknown constituent of pregnancy urine.

The crystalline by-product is practically insoluble m neutral

orgamc solvents. It is characterized by the formation of an in-

tense blood-red color when dissolved in cold concentrated sulfuric

acid and by a green fluorescence when dissolved in alkali. Carbon

dioxide reprecipitates the substance from its alkaline solution m
charactenstic diamond-shaped crystals (Fig 1 ) Fig 2 shows the

typical crystals obtained by dilution of the pyridine solution with

ether. Qualitative diazo, nitropmsside, murexide, biuret, and nin-

hydnn tests are negative. Color reactions for trj-ptophane, mono-
and disubstituted guanidines (1), histidine, xanthine, and hyiio-

xaiithme are also negative. The j3-naphthol color test after

diazotization treatment with hydrochloric acid and sodium nitnto

is likewise negative A 7 5 per cent solution m pyridine shows no

optical rotation. Combustion and micro-IQeldahl anah^es give

as the most probable formula C21H20O3N4. This formula is in

425
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agreement with the neutralization equivalent calrulated from the

sodium content of the monosodmm salt, and with the analysis of

Fig 1 Theelm by-product (C21H22O.X4) precipitated from an alkaline

solution with carbon dioxide

Fui. 2 Theehn by-product (C.nHjjO'jNd cr3"»talhzed fiuin p\riiiiii<‘-

ether

the alkah-insuliible monoethyl clenvatii’t^ Zerewitinoff aiialy&is

•^-hows 3 active hydrogen atoms on the liasis of muleculax weight 378.
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These results and a positive pyrrole pine-splinter reaction (on

heating the solid) suggest a compact nitrogen heterocyclic ring

system. Chromic acid oxidation gives a crystalline acid of the

most probable formula CisHigOTNa. Esterification of this acid

with diazomethane in methyl alcohol yields an alkali-msoluble

product containing, however, a greater percentage of nitrogen than

the acid itself.

Injected intraperitoneaUy in white mice the substance is rela-

tively non-toxic. No gonadotropic, thyrotropic, nor lactogenic

activity could be demonstrated. The estrogenic activity is less

than 5 rat units per mg. hypodermically and less than 1 oral unit

per mg. It is possible that this constituent of gravid urine is a
metabolic product of the blood or bile pigments containing four

pyrrole nuclei and may be a constituent of normal urine which has

hitherto escaped observation. The possibility that the substance

IS an excretory product of some commonly used drug is still more
remote

EXPERIMENTAL

Jsolahoii and Punfication of By-Product—The crude extract ob-

tamed from the large scale extraction of pregnancy urme by the

Doisy method was dissolved in hot absolute alcohol. This solu-

tion when cooled yielded the nitrogenous compound, leaving the

theelin and theelol. Purification was effected by dissolving 25 gm.

of the original precipitate in 450 cc. of hot alcohol and 25 cc. of

25 per cent sodium hydroxide solution, filtering, then precipitating

by addmg a solution of 12 cc of glacial acetic acid in 300 cc. of

alcohol and 200 cc. of water. A similar procedure was used for

recrystallization. The substance decomposes when heated in a

capillary tube to 360°,

Analysis—C2iH2203N4(378). Calculated. C 66 66, H 5 81, N 14 82

Found. » 66 73, 5 61, “ 15 20

66 84, “ 5 59,
'' 15.26

Qualitative tests for the halogens, arsenic, sulfur, and phos-

phorus w’ere negative.

Molecular Weight Determination—^The compound was converted

to the sodium salt by dissolving 1.5 gm. in slightly less than the

calculated quantity of n sodium hydroxide, filtering the undis-
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solved material, and evaporating the filtrate to drjTiess. The
sodium was weighed as sodium sulfate after ignition. The neu-

tralization equivalent by this method wras 362. The sodium con-

tent was 0 96 per cent, while the theory for C2iH2i03N4Na is 5.75

per cent. By titrating the excess standard alkali used to dissolve

the substance in alcohol, the neutralization equivalent was found

to be 357 (precipitation) and 364 (methAd red). These results,

as does the formation of a monoalkyl derivative, indicate a mono-
acidic compound. With 378 as the molecular weight, Zerewitinoff

analyses gave 2.88 and 2 85 active hydrogen atoms, only one of

which w^as acidic enough to react with sodium hydroxide. The
Rast micro- or seminucromolecular weight determmation was not

feasible, since the compound is insoluble m molten phenol, cam-

phor, urethane, and naphthalene

Characterization. Color ReacUo^i with Sulfuric Acid—1 mg. of

the by-product produced a blood-red color m 1 cc. of cold concen-

trated sulfuric acid W^arming the solution deepened the color

and caused the appearance of a green fluorescence; when diluted,

the solution turned brown and a precipitate separated. Neither

theelin nor thcelol gave the color with cold sulfuric acid. The
Zimmermann reagent (rw-dinitrobenzene and alkali) for the CH2CO
grouping gave only a brown color on prolonged standmg, whereas

a control test with theelm gave an immediate violet color (2).

Preparation of Monoeihyl Derivative—Ethylation was effected

by dissolving 1.5 gm, of the substance in 25 cc, of alcohol with an

excess of 50 per cent sodium hydroxide, then adding 3 cc, of ethyl

sulfate During the following half hour of mechanical shaking

some solid separated and the solution became acidic. An excess

of strong base was again added with 2 cc. of ethyl sulfate and the

shaking resumed. The treatment w^as repeated a third time, then

the suspension was diluted with 25 ce of water, made strongly

alkaline wath 4 per cent sodium hydroxide solution, and filtered.

The yield was nearly quantitative. The ethyl derivative was

recrystallized from dilute alcohol in pale yellow crystals melting

at 277-278® (darkeiung at 275®).

AnalyBi$---C2iSi2i03^4(C,li,) Calculated. C 67 99, H 6 41, N 13 79

Found 68 31,
'' 6 38, 13 66

“ 68 52, “ 6 46, 13 66
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The acetyl number is 0. This result may be due to the ex-

tremely low solubility of the substance m acetic aeid-acetic an-

hydride. Furthermore, the failure to react because of insolubility

may account for the quantitative recovery of unchanged material

after treating an ether suspension with diazomethane

Action of Hydiolytic Agents—Dilute and concentrated hydro-

chloric acid and concentrated hydrobromic acid did not hydrolyze

the substance During the prolonged refluxing to which the sus-

pensions were subjected, a green fluorescence developed in the

solutions; otherwise no reaction was detected When 500 mg
in 25 cc. of 25 per cent alcoholic potassium hydroxide w^ere w’armed,

the characteristic green fluorescence appeared. The top of the

reflux condenser was connected with a flask contammg standard

acid. During 7 hours refluxing 2 9 mg. or 0 5 per cent of ammonia
or volatile amine w^as collected. The recovered product (SO per

cent) possessed the characteristics of the origmal material.

Chromic Acid Oxidation—^During the oxidation of 5 gm. with

an excess of chromic acid in acetic acid a crystalline solid sepa-

rated, which was filtered out. The filtrate was made alkaline and

distilled The volatile base was identified by analysis as ammonia.

The yield of solid acid was 1 2 gm. It possessed no definite

meltmg point but turns a bright scarlet at about 253*^, wdiich

deepens until the samj^e is black at 269° Analysis of the sample

gives for the most probable formula CisHisOtNs (C 57.75, H 4.81,

N 7 49; found, C 58.02, 57.70, H 5 05, 5 18, N 7 74, 8 00). The
observed neutralization equivalent w'as 258 (in alcohol). Too

much reliance cannot be placed in this value, since it is knowm that

nitrogen-containing acids give abnormally high results. Esteri-

fication was consequently attempted to determine the number of

carboxyl groups present With an excess of diazomethane an

alkali-insoluble product was isolated whose nitrogen content was

greater than that of the startmg material (found, N S 68 and 8.68 >

Physiological Action—The theelin by-product was first examined

for estrogenic activity by the Allen-Doisy test and w’as found to

have less than 5 rat umts per mg. by hj^podermic injection and

less than 1 unit orally.

Toxicity tests were made with white mice A 2 5 per cent stock

solution of the substance in 2 equivalents of alkali w'as injected

mtraperitoneally A dosage of 0 0003 gm per gm. of body w’eight
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caused no visible effect, while 0.00055 gni. per gm. was lethal. In

anesthetized dogs 1.0 ce. and 2 0 cc. of the stock solution produced

slight transient depressor action with no indication of a definite

effect on the heart or peripheral blood vessels.

Although little is known of the actual structure of the by-

product, its presence in pregnancy urine and its high nitrogen

content raised the question of the relationship of this unknown sub-

stance to the gonad-stimulating factor present in such urine. Con-

sequently the gonadotropic activity was investigated. Even at a

very high dose of 6 mg. no evidence of ovanan stimulation was

noted.

During routine assay of extracts of the anterior pituitary.", the

theelin by-product was examined for lactogenic and thyrotropic

activity. The results were entirely negative.

SUMMARY

1, An alkali-soluble crystalline by-product has been obtained in

large scale extraction of human pregnancy urine. The probable
*

formula for this substance is C21H22O3N4. The compound is resist-

ant to hydrolysis, and gives no reaction for proteins, amino acids,

or purines. Zerewitinoff determinations show the presence of

3 active hydrogen atoms, 1 of which is easily ethylated to give

a monoethyl, alkali-insoluble derivative.

2. Chromic acid oxidation yields an acid, CisHisOtNs.

3 PreBminary biological assay of the substance shows no hor-

mone activity although a toxicity to mice in doses of 0.00055 gm,

per gm.

The authors are grateful to Dr D A. MeGinty and to ilr,

L. W. Rowe for the biological assays.
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THE EFFECT OP HYDRAZINE ON THE PRODUCTION OF
ACETONE BODIES IN THE PHLORHIZIN-

INTOXICATED ANIMAL

Bt max M. GREENBERG
{From ihe Laboratory of Biological Chemisiry^ School of Medicine, Unnersiiy

of Texas, Galveston)

(Received for pablication, September 13, 1935)

Whereas hydrazine has a tendencj’' to deplete an organism of its

carbohydrate reserves (1, 2) and produce hypoglycemia (1, 3, 4),

investigators have often been surprised at the lack of recognizable

amounts of ketone bodies in the urine of hydrazine-intovicated

animals (5, 6) Wells (7) has shown that hydrazine attacks the

parenchymatous cells of the liver exclusively,^ so, in view of the

increasing evidence that the ketone bodies are formed chiefly in

the liver (8, 9), it appeared worth while to investigate more closely

the production of acetone bodies in the hydrazme-mtoxicated

animal* This paper is an account of such an investigation.

EXPERIMENTAL

Because of the well known resistance of the lower animals to

fasting ketosis ((10) p, 667) (11), and in order to obtain informa-

tion on the utilization of glucose, it was thought better to study

the formation of ketone bodies in the fasting phlorhizinized animal

before and after hydrazine administration than to study it in the

normal fasting animal before and after hydrazine. In order to

eliminate any effect on ketone body production, which might arise

from the vomiting which hydrazine is knowm to produce in most
^

mammals, it was decided to use rats as the expenmental animals.^

In every case male rats of about 350 to 400 gm. were used.

Each animal was phlorhizinized for a period of 3 days and the

output in the urine of acetone bodies, total nitrogen, amino acid

^ Lewis and Izume (2) found that, in the rabbit, large amounts of hydra-

zine may also produce slight injury to the kidneys
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nitrogen, and sugar determined. After a lapse of time, sufficient

to insure recovery (generally 2 weeks), the same animals were

phlorhizinized and hydrazimzed for another period of 3 days and

the urine analyses repeated. To control the series more accu-

rately the order of the periods of hydrazine and phlorhizin intoxi-

cation and of phlorhizin intoxication only were reversed in a

few cases.

Each period started at 9 a.m. All food was removed from the

cages at 5 p m. of the previous day, but water was permitted ad

libitum. Phlorhizin intoxication was produced by daily sub-

cutaneous injections of 25 mg. of phlorhizin in olive od. To pro-

duce mild hydrazine intoxication the animals were injected sub-

cutaneously with 40 mg. of hydrazine sulfate at 9 a.m. of the

1st day and 25 mg. of the drug at 4 p.m. of the 2nd day of the

period. The hydrazine salt was administered m aqueous solution

of 2.5 per cent concentration.

Urines were collected in the manner suggested by Levme and

Smith (11), under paraffin oil, and preser\"ed with sodium fluoride.

The funnels were washed daily with 1 per cent sodium fluoride

solution, and the washings added to the urines.

Total acetone body determinations were made by the gravi-

metric method of Van Slyke and Fitz (12). Determinations of

sugar were made by the fermentation method of Somogyi (13),

with the Shaffer-Hartmann (14) microcarbonate reagent. Total

nitrogen was estimated by the regular Kjeldahl method and amino

acid nitrogen by Folin^s (15) method.

In a few cases total blood acetone bodies, non-protein nitrogen,

and whole blood carbon dioxide capacities were determined for

the last day of each period. Behre and Benedict’s (16) method

was used for the determinations of acetone bodies in the blood.

Non-protem nitrogen was estimated by the micro-Kjeldahl method
of Folin and Wu (17), and carbon dioxide capacity was deter-

mined with the Van Slyke (18) direct volume apparatus. The
blood was drawn directly from the heart imder nembutal anes-

thesia, 4 mg. of the drug being used per eg. of body weight.

DISCUSSION

In the ensuing discussion, for the sake of convenience, the

period of combined fasting, phlorhizinization, and hydrazine
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intoxication will be called the experimental period, and the period

of fasting and phlorhizin intoxication, only, will be called the

control period.

Experiments were done on seven animals. In all of them the

excretion of acetone bodies was markedly greater during the con-

trol period than during the corresponding experimental period,

the output of ketone bodies during the control period being 2 to

19 times that of the corresponding experimental period (Table I,

Column 2). Moreover, despite a marked variation in the excre-

tion of acetone bodies among the animals, in no case did the maxi-

mal excretion in the experimental periods exceed the minimal

amount excreted by any animal in its control period. Although

there is a probability that the animals were not always completely

phlorhizmized, yet these results are suflEiciently conclusive to

indicate that the output of acetone bodies is markedly lessened

by hydrazine liver injury. The observations are in agreement

with the experiments of Fischler and Kossow (19), in which a
decreased excretion of ketone bodies was observed in the phlor-

hizinized dog after an Eck fistula was made, and the findings of

Himwich, Goldfarb, and Weller (8), that the liver is the chief site

of production of acetone bodies.

Analyses, made on the last day of each period in a few cases,

show that blood acetone bodies were about twice as high during

the control periods as during the experimental periods (Table 11,

Column 5), carbon dioxide capacities half to two-thirds as great

in the control as in the experimental periods (Table II, Column 7),

and non-protein mtrogen, although high, essentially the same in

both periods (Table II, Column 6). These blood ketone body

determinations, together with the determinations of alkali reserve,

refute, as do the non-protein nitrogen determinations, any assump-

tion that the decreased excretion of acetone bodies during hydra-

zine intoxication is due to retention of acetone bodies by the

kidneys.

The amounts of urinary amino acid nitrogen indicate that the

decreased excretion of acetone bodies is not attributable to de-

creased deammation of ketogenic amino acids. In three cases,

Eats R-109, R-113, and R-114, the output of ammo acid nitrogen

was essentially the same during the control and experimental

periods, in one case, Rat R-116, it was definitely higher during the
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Table I

Urinary Constituents before and after Hydrazine

Rat No Period
A\erage
weight

i
(1)

Urinary
acetone
bodiea
aa

acetone
(2)

Urinary
N

(3)

Glucose
possiblei

from
1

protein*

(4)

Urinary
glucose

(5)

Glucoao
oxidizedf

(8)

Ammo
acid N

(7)

gm mg gm gm
1

ffm gm
1

R-108 Control 285 355 0 783 284 1 65 1 19

Experimental 285 61 0 504 1 83 1 60 0 23

R-109 Control 320 302 0 563 2 04 1 62 0 42 22

Experimental 380 46 0 577 2 09 1 75 0 34 21

R-112 Control 450 434 0 790 2 87 1 80 1 07

Experimental 436 102 0 777 2 82 1 76 1 06

R-113 Control 350 4$S 0 570 2 07 2 63 -0 56 34

Experimental 380 178 0 660 2 39 1 85
j

0 54 24

R-114 Control 400 180
1

0 725 ! 2 63 1 34
i

1 29 29

Experimental 430 86 0 615 1 2 23
1

2 08
I

0 15 37

R-n5 Control 383 972
1

0 874
1

3 17 2 53
i

0 64 106

Experimental 425 155 1 047 3 79 0 53
1

! 31

R-116 Control 370 380 0 584 2 12 1 82 0 30 17

Experimental 425 20 0 643 2 33 1 20 1 13 48

* Calculated from the urinary nitrogen (Column 3) by multiplying by
6 25 and 0 58 according to the method of Lusk (10).

t Calculated by subtracting the values of Column 5 from the values of

Column 4.

Table II

Blood Acetone Bodies, Non^Protein Nitrogen, and Alkah Reserve in PkloThi-

zinized Rat before and after Hydrazine

Rat No

(1)

Period

12)

Average
weight

(3)

Urinary
acetone
bodies

(4)

Blood
ketones as
acetone

(5)

Blood non-
protein N

(6)

Whole
blood COs
capacity

(7)

gm mg mg percent mg percent tol per cent

R-109 Control 320 302 65 173 20

Experimental 380 46
1

35 144 44

R-115 Control 383 972
1

82 60 32

Experimental 425 155 45

R-n6 Control 370 384 34 46 30

Experimental 425 20 17 64 45
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experimental period, and m one case, Rat R-115, it was definitely

liigher in the control period.

Since the levels of nitrogen and glucose excretion did not change

in the control and experimental periods in the two animals,

Rats R-109 and R-112 (Table I), it appears that the de(Teased

excretion of acetone bodies during hydra2ine intoxication is

independent of any mcrease in protein or glucose metabolism in

these animals. The variation m the excretion of nitrogen and

glucose in the control and experimental periods of the other

animals prevents any cursory conclusions concerning the degree

of glucose and protein metabolism in the two periods of these

anmials. However, since the glycogen content of rats fasted

16 hours is small (20) and practically a constant percentage of the

body weight (21), the difference between the amounts of glucose

available from the protem metabohzed and the amounts of glucose

excreted constitutes a relative measure of the quantities of keto-

lytic materials oxidized m the two periods in these animals. Such

calculations, of course, are based on the assumption that the ability”

of the phlorhizmized-hydrazimzed rat to store glycogen is not

much different from that of the plilorhizinized rat This assunip-

tion is probably true m general, because both plilorhizinized ani-

mals ((10) p. 322) and hydrazinized animals (6) store very little

glycogen. Such calculations (Table I) indicate that the amounts

of ketolytic materials oxidized w'ere greater in the control than in

the experimental periods in Rats R-108 and R-114, and less in the

control than m the experimental periods m Rats R-113 and R-116,

Judging from the glucose excreted during the experimental period,

Rat R-115 was only slightly plilorhizinized at the time, and, hence,

the result is disregarded.

Although Underhill and Murlm (22) have reported that a slight

increase m the respiratory quotient of fasting dogs occurs after the

administration of hydrazme, Izume and Lewis (6) believe that

hydrazine does not increase the rate of glucose metabolism* The

present investigation apparently supports the contention of Izume

and Lewis. At the same tune it brings out the fact that hydrazme

causes a decrease in the production of acetone bodies, which is

independent of any decrease in deamination of (ketogenic) ammo
acids or any increase m glucose or protem metabolism.
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SPMMAKY

1, It was observed that phlorhizmized, fasting rats excrete less

acetone bodies after hydrazine intoxication than before.

2. The decrease in the excretion of acetone bodies in these

animals was found to be mdependent of any decrease in deamina-

tion of (ketogenic) amino acids or any increase in the metabolism

of glucose or protein.

The author is indebted to Dr. B. M. Hendrix for helpful sug-

gestions.
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Bt HARRY N. HOLMES and WERNER H. BROMUND
(From the Severance Chemical Laboratory, Oberhn College, Oberlin)

(Received for publication, September 16, 1935)

The Willstatter-Stoll method of quantitative estimation of caro-

tene in petroleum ether solutions is advocated by Palmer (1) who
objects to standards made from carotene in organic solvents be-

cause of their rapid deterioration.

Determination of Carotene in Petroleum Ether—For dilute solu-

tions of carotene in petroleum ether, K2Cr207 dissolved in water

to make a 0 2 per cent solution was found by Willstatter and

Stoll to give an excellent color match. The following formula,

as worked out from data given by Palmer, is convenient in calcu-

lating the per cent concentration of carotene in an unknown petro-

leum ether solution.

Per cent carotene = 0 00268% X

depth of carotene solution equivalent to standard

depth of unknown solution

In our laboratory, with a Leitz dipping colorimeter, it seemed

best to dilute the standard and unknown solutions so that the

color or intensity matches could be restricted to a depth of from

15 to 25 mm . Color matchmg was found to be most accurate

within this range.

Carotene may be obtained from the S. 3VI. A. Corporation,

Cleveland, or prepared in convenient quantities by the method of

Holmes and Leicester (2).

Determination of Carotene in Benzene—It was obser\Td in our

laboratory that the 0.2 per cent KgCraOT water solution standard

used for the determination of carotene in petroleum ether was not

at all suitable as a standard for the determmation of concentration
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438 Bixin Solutions As Color Standards

of carotene in other solvents, such as benzene and chloroform.

Because of the high refractive indices of these solvents, the color

of the solutions was shifted toward the red end of the spectrum,

and a suitable color match with dichromate solution was found to

be impossible. It was discovered, however, that bixin in benzene,

diluted to the proper concentration, gave a color which matched

very well that given by carotene in benzene. Since bixin in ben-

mm. ofC&ro^/ie So/ufion^ ^
Fig, 1 Colorimetric comparison of a 0.00268 per cent solution of carotene

in petroleum ether with a standard 0.2 per centK2Crg07 aqueous solution

zene is comparatively stable and smce crystalline bixin can readily

be prepared by the method of Holmes and Bromund (3) such a

standard is of very practical use

If carotene of 100 per cent purity is not available, a standard

solution of carotene in benzene may be prepared by the more in-

direct method of makmg a solution of nearly pure carotene in

petroleum ether, determining its concentration by the dichromate

standard with reference to Fig. 1, removing the petroleum ether

by a quick distillation under reduced pressure to prevent decom-
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position, and then dissolving the residue in a known \'olume of

pure benzene. The benzene solution thus obtained is of a known

concentration and can be compared colonmetncally with solutions

of bixm in benzene of various known concentrations. By carrying

out such a series of manipulations, the curve given m Fig 2 was

olitallied. For the sake of convenience and accuracy, the curve

has been divided into three sections, each section giving the equu^a-

lence between solutions of stated concentrations. A formula anal-
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Fig 2 Colorimetric comparison of definite concentrations of carotene

in benzene with definite concentrations of bixm in benzene

ogous to the one used for carotene in petroleum ether was used

in determining the concentration of the unknown carotene

solutions.

For example, suppose that a solution of carotene in benzene, of

unknown concentration, is found to be approximately comparable

to a 0,00246 per cent solution of bixm in benzene as far as depth of

color is concerned. An exact color match is then obtained by use

of the colorimeter. Let us say in this instance that the color of a
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19.9 mm. depth of the carotene solution (concentration unknown)

matches exactly the color of a 23.4 mm, depth of the bixm solution.

Since a 0.00246 per cent bkin solution has been matched with a

0.00615 per cent carotene solution in plotting the graph of Fig. 2,

the corresponding figure 0.00615 per cent is used in the following

formula adapted from Palmer.

Per cent carotene in unknown solution =* 0 00615% X

depth of carotene solution equivalent to standard

depth of unknown carotene solution

chloroform with definite concentrations of bixin in benzene.

As read from the graph the depth of the carotene solution that is

equivalent to the standard is 18.7 mm. Therefore, the concentra-

tion of the unknown solution is

Per cent carotene « 0 00615% X (18 7 mm /19.9 mm.) - 0 00578%

DetemiTiation of Carotene tn CAZoro/orm—Because of the optical

diflSculties encountered and already discussed above, it was appar-

ent that dichromate solutions could not be used satisfactorily as

standards for solutions of carotene in chloroform. It was thought
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that bixin in chloroform might yield a good standard, but on trying

to gather data for a complete graph, it was found that relatively

concentrated solutions of bixin in benzene, however, gave excel-

lent color matches at all concentrations that were of any value.

A solution of carotene in chloroform of known concentration

was made in the manner indicated above and matched at different

concentrations with a standard solution of bixin in benzene. The
resulting curve is given in Fig. 3. Concentrations of unknown
solutions of carotene were calculated as in the previous illustrations.

For example, a solution of carotene in chloroform, of unknown
concentration, is found to be approximately comparable to a

0.00123 per cent solution of bixin in benzene as far as depth of

color is concerned. An exact color match is then obtained by use

of the colorimeter. Let us say in this instance that the color

of an 18.4mm. depth of carotene solution (concentration unknown)

matches exactly the color of a 23.4 mm. depth of bixin solution

Since a 0.00123 per cent bixin solution has been matched with a

0.00123 per cent carotene solution in plotting the graph (Fig 3j,

the figure 0.00123 per cent is used in the following formula.

Per cent carotene in unknown solution = 0,00123% X

depth of carotene solution equivalent to standard

• depth of unknown carotene solution

As read from the graph, the depth of carotene solution that is

equivalent to the standard is 31.6 mm. Therefore the concentra-

tion of the unknown solution is

Per cent carotene =* 0 00123% X (31 6 mm /18 4 mm.) = 0 00211%

SmiMABY

An accurate and convenient method for the colorimetric deter-

mination of carotene in such organic solvents as benzene and

chloroform, where the Willstatter-StoU method fails, has been

devised.
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d-Mannoheptulose, a 7-carbon ketose, was isolated from the fruit

of the avocado tree, Persea gratissimu, by La Forge (1) m 1917.

La Forge found the configuration of this sugar is as follows:

H H

CHaOH—

C

OH OHO
I I li

OH OHH
I

H

-CH2OH

This ketoheptose occurs in the free state in the avocado fruit.

The fact that this fruit has been regarded for centuries as an

esteemed food made it seem probable that this sugar is assimilated

by animals. Such a finding, if demonstrated, would be interesting

because no 7-carbon monosaccharide has so far been observed to be

utilized by the animal organism. A study of the physiological

availability and metabolism of this sugar has therefore been

undertaken.

d-Mannoheptidose Tolerance

Preparation of Mannoheptnlose—^The mannoheptulose used in

the experiments reported in this paper was prepared from avocado

pears by Miss Edna Montgomery at the National Institute of

Health following the method of La Forge (1). The product wras

of the highest purity, being free from perseitol and J-arabinose,

and having an [a]^ value of +29 3® in water and a melting point

of 152®.
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444 Utilization of d-Mannoheptulose

Method for Determination of Mannoheptuhse in Blood

Mannoheptulose reduces alkaline copper solutions and is not

fermented by bakers' yeast. These proi>erties were made the

basis of a specific method for the determination of mannoheptulose

in blood. In this procedure the blood is deproteinized by the

Zn(OH)2 method of Somogyi (2) and the filtrate is treated with

thoroughly washed Fleischmann's yeast. The residual reducing

substance after yeast fermentation is then determined by the

copper reduction method of Benedict (3), a solution of manno-
heptulose dissolved in saturated benzoic acid being used as a

standard. Tests in which mannoheptulose was added to dog

blood gave a 107 per cent recovery, which is very satisfactory

in view of the fact that the Benedict procedure gives a shght blank

with Zn(OH)* blood filtrates.

Procedure

Our first studies were of the nature of carbohydrate tolerance

tests. Rabbits were fasted for 24 hours. After the urine was

expressed from the animal's bladder and a control sample of blood

was collected from the marginal ear vein, mannoheptulose was
administered by mouth in some experiments and intrapentoneally

in others. Samples of blood were then collected at hourly intervals

for 4 hours, and the urine for 24 hours after administration was
collected under toluene. The bloods were analyzed for total

sugar by the Benedict method (3) and for mannoheptulose by the

procedure described above. The total reducing substance in the

24 hour sample of mine was determined by the Shaffer-Somogyi

method (4), with the latter authors' Reagent 50 with 5 gm. of KI.

ReeuUs of Tolerance Studies

The results of these experiments are shown in Table I. Follow-

mg the administration of mannoheptulose, some mannoheptulose

appeared in the blood as such and there was a marked increase in

the total blood sugar. The concentrations of mannoheptulose in

the blood were comparatively small, except in the experiment with

Rabbit 5, in which a very large dose of the sugar was administered

mtraperitoneally. The mannoheptulose also stayed at a fairly

constant level, while the total blood sugar showed a gradual in-

crease, the last sample of blood collected having the highest value^
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The mannoheptulose appearing in the blood will not account for

the increments in total blood sugar; hence, the increases in total

blood sugar are increases in reducing substance which is ferment-

able with yeast. These data therefore show that mannoheptulose
undergoes a metabolic transformation in the rabbit in which
fermentable reducing substance is formed.

That mannoheptulose was excreted in the urine in the experi-

ments of Table I was demonstrated by boiling the unne with HCl

Table I

Data Skoioing Mannoheptulose Tolerance of Normal Rabbits

Unne sugar
Reducing sub-
stance in unne

Blood sugar* mg. per 200 cc as glucose collected for 24

Method of
hrs after admin-

ist^ation, as
administra*

tioo
mannoheptulose

1 Hr& after

1,
I

Determination
administration Excre-

tions
1 P 0 1 2 3 4

kg
gm
per
kg

gm ]}er

cent

1 2 37 By mouth 2 Total sugar 91 116 126 132

Mannoheptulose 19 21 20 0 312 6.5

2 Mlilil
tt ft 5 Total sugar 115 125 131 135

Mannoheptulose n 22 21m 24 0 750 6 0

3 2 39 ft <1 5 Total sugar Btl 100 115 121 126

Mannoheptulose 17 16 17 17 0 267 2 2

4 2 52 Intraperi- 2 Total sugar 68 89 92 91

toneally Mannoheptulose 15 14 14 15 0 315 6 2

5 2 32 if 5 Total sugar 101 428 485 509

Mannoheptulose 212 212| 4 588 39 5

and testing for furfural, a reaction for mannoheptulose to which

La Torge (1) called attention. The true mannoheptulose excre-

tion was actually less than that indicated by the values shown in

Table I, however, since there is some reducing carbohydrate in

normal rabbit urine and the Shaffer-Hartmann reagent is sensitive

to non-sugar reducing moieties of urine.

The urinary excretion of mannoheptulose in these experiments

was small, considering the dosages used. In four of the experi-

ments the total reducing substance in the urine ranged from 2.2 to
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6.5 per cent of the mannoheptnlose administered. In one experi-

ment the urine for a second 24 hours after mannoheptulose admin-

istration was examined and did not show any more reducmg

substance than normal rabbit urine, thus eliminating the possibil-

ity of a delayed excretion of sugar. In the experiment with

Rabbit 5 there was considerable excretion of mannoheptulose

(39.5 per cent), but this result was obtained by intraperitoneal

injection of a large dose of the sugar, an exaggerated experimental

procedure in which the animaPs body was rapidly flooded with

mannoheptulose. The two experiments m which doses of 5 gm.

per kilo of body weight were administered by mouth and not over

6 per cent of the sugar was excreted in the urine are especially

sigmficant and show that the rabbit has a high tolerance for

mannoheptulose.

The above data obtained from an examination of the blood and

urine following mannoheptulose administration thus seem to

indicate that mannoheptulose is well utilized by the rabbit.

ECU of Liver

Procedure

An experimental procedure was developed to determine the

concentration of sugar of the afferent and efferent blood to the

liver after mannoheptulose administration. In the experiments of

Table II, Rabbits 1 and 2 were given mannoheptulose in 10 per

cent solution by mouth and approximately 1 hour after administra-

tion the animals were anesthetized with nembutal and small

amounts of ether. A longitudinal slit was made in the rabbit^s

abdomen and samples of blood were collected simultaneously from

the portal vein and from one of the hepatic veins. In the experi-

ments with Rabbits 3 and 4, the animals were anesthetized simi-

larly and, after the abdomen was opened, mannoheptulose solution

was injected into the duodenum. The animaPs abdomen was then

closed by means of clamps and, 30 mmutes after injection of the

sugar, samples of blood were collected simultaneously from the

portal vein and a hepatic vein. The samples of blood were

analyzed for total sugar and for mannoheptulose.

Results

The data of Table II show a low concentration of mannoheptu-

lose m the portal blood. This was due either to slow absorption
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of this sugar from the intestinal tract, or to a metabolic conversion

of maimoheptulose into fermentable reducing substance in passing

through the walls of the intestiue. As the total sugar determina-

tions reveal that there was a considerable increase in the total sugar

of the portal blood, which was fermentable, the latter postulation

Ls strongly suggested These results also are of mterest in that

they show an apparently negative part played by the hver. The
differences in the concentrations of maimoheptulose of the simul-

taneously collected samples of portal and hepatic blood are within

the limits of experimental error and therefore seem to indicate

that the liver does not participate m the metabolic transformation

of mannoheptulose in the rabbit.

Tabi^b II

R6U of Lwer in Mannoheptulose Metabolism

The total sugar and mannoheptulose of afferent and efferent blood to

the liver after administration into the alimentary tract of mannoheptulose

are measured in mg per 100 cc as glucose

Rabbit No Dose Von Total sugar
Mannoheptu-

lose

Change in
maunobeptu-

lose

gm

1 10 Portal 94 20

Hepatic 99 25 +5
2 12 Portal 130 16

Hepatic 190 16 0

3 5 Portal 178 26

Hepatic 180 26 0

4 12 Portal 178 27

Hepatic 199 24
i

“3

Effect of ImuUn

Crystallme msulin, of a potency of 18 units per mg., dissolved in

0 01 N HCl was used in these experiments. 3 units of the solution

used produced convulsions in fasted 2 to 2.5 kilo rabbits within

1| to 2| hours after subcutaneous injection

Two rabbits, fasted for 24 hours, were given 3 units of insulin

subcutaneously. When the animals had commlsions, a solution

contammg 10 gm of mannoheptulose was injected intraperito-

neally. One animal survived 2 hours and the other one 3| hours

after the onset of convulsions. Samples of blood were collected

from the heart immediately after the death of the animals and were
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analyzed for total sugar and for mannoheptulose. In the blood of

one rabbit the total sugar and mannoheptulose were 296 and 302

mg. per 100 cc., respectively; for the other rabbit the total sugar

and maimoheptulose were 325 mg. per 100 cc. of blood. Thus
the analyses of postmortem blood from these two animals showed

mannoheptulose present in large amounts, but complete absence

offermentable sugar. In the experiment with Rabbit 5 of Table

I, an exactly parallel procedure except that insulin was not ad-

ministered, there were present in the blood around 200 mg. of fer-

mentable sugar per 100 cc. at approximately the same time after

intraperitoneal injection of mannoheptulose. Thus^ when insulin

was not injected^ mannoheptulose administration brought about a

marhed increase in the fermerdable sugar of the blood; and, when

insulin was injected, fermentable sugar completely disappeared from

the blood after mannoheptulose admimstrotion. These data reveal

that mannoheptulose is not a direct physiological antagonist to

insulin, as there was a high concentration of this sugar in the

blood of the two rabbits at the time of death; and they appear to

indicate that insulin accelerates the oxidation of the fermentable

substance which results from the metabolic transformation of

mannoheptulose.

Further experiments were performed which corroborate the

above findings. Two rabbits of approximately the same size as

the two in the above experiment were fasted for 24 hours. 3

units of insulin were mjected into each rabbit and at the same time

5 gm. of mannoheptulose m 10 per cent solution were given by
mouth and 5 gm. of the sugar in a solution of the same concentra-

tion were injected mtraperitoneally. One rabbit had convulsions

twice, but recovered completely and sur\dved; the other rabbit

survived without any convulsions. It thus appeared from these

experiments that mannoheptulose gives some protection against

toxic doses of insulm, and if given at the same time that the insulin

is administered, it may completely protect the animal against a

minimum lethal dose of insulin.

In another experiment a rabbit was given 6 units of insulin

and 10 gm. of mannoheptulose by mouth at the same time. This

rabbit did not survive. In this experiment the rate of manno-

heptulose conversion into the protective metabolite was not rapid

enough to protect against a large dose of insulin.
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DISCUSSION

The data of this report show that mannoheptulose, when
administered to rabbits, gives rise to the formation of a yeastr

fermentable, copper-reducing substance m the blood of the ani-

mals. The removal of this substance from the blood is stimulated

by insulin. The identity of this metabolite is obviously of con-

siderable interest. In view of its behavior with yeast, with

alkaline copper solution, and with insulin, properties correspond-

ing to those exhibited by glucose and fructose, an interesting

physiological findmg, the metabolic transformation of a 7-carbon

sugar mto a sugar of lower carbon content, seems a po^ibility.

Further work is planned to determine the identity of tl^

substance.

SUMMARY

1. Data have been obtained which show that mannoheptulose

is physiologically available to the rabbit and that rabbits have a

high tolerance for this sugar

2. In the rabbit mannoheptulose is converted into a yeast-

fermentable, copper-reducing metabolite. The removal of this

substance from the blood is stimulated by insulin.

The authors express their thanks to Miss Edna Montgomery and

Dr. R. A. Hann, of the National Institute of Health, for valuable

assistance.
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In a very interesting study of certain phases of tryptophane

metabolism Alcock (1) arrived at a new conception of protein

metabolism radically different from that generally accepted. A
crucial point in the basis of this new theory was the failure to

obtain growth of animals injected with tryptophane on a trypto-

phane-deficient diet. Alcock suggested thit the limiting factor

to growth on a tryptophane-deficient diet does not arise from the

demand of the tissues for amino acids to be used for protein

synthesis but that some material essential to life was made in the

liver from tryptophane absorbed from the intestinal tract, whereas

tryptophane delivered elsewhere than in the portal vein was not

available for the “essential'* purpose. He also concluded that the

animal can synthesize its protems while receiving no tryptophane

and that for this particular purpose the body can make its own
tryptophane. He further pointed out that this conclusion implied

that the synthesis of a protein probably starts at a lower stage

than the fully formed amino acid and that the amino acid groups

actually found in the proteins have been formed there, not ai^imi-

lated from the blood stream as such.

The experimental findings with respect to the utilization of

injected tryptophane were of considerable interest to us as they

were in direct contradiction to the experimental results we had

previously obtained in our studies of the utilization of rf- and Z-

tryptophane (2). We found that the body could utilize injected

tiyptophane for growth purposes.

jMthough we could find no instances in our previous work

wherein we could suspect the presence of any artifacts, we felt
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obligated to repeat our previous experiments in view of the

negative experiments of Alcock and in \iew of the far-reaching

conclusions on protein metabolism, mentioned above, that could

be drawn from a non-utilization of injected tryptophane. How-
ever, repetition of our expenments led to exactly the same results

CsAKT I. Hydrolyzed casein diet. B represents the basal diet without

any supplement. The arrow denotes the point of change. The number
and sex of the rat are shown at the extreme left. Figures in parentheses

indicate initial and final weights Rats 293 and 291 received 5 mg of

tryptophane twice each day, and Rats 292 and 290 were given 2,5 mg. of

tryptophane four times per day.

as we had previously reported. The growth cur\ns shown in

Chart I indicate clearly that the animals receiving injected trypto-

phane grew as well as those receiving it by mouth.

In our expenments we used a diet containing 14.7 per cent

hydrolyzed casein free of tryptophane, whereas Alcock had used

in his expeiiments a diet containing 20 per cent of zein supple-
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mented with 5 per cent hydrolyzed casein. Thinking that tiie

difference in basal diet might conceivably explain our opposite

findings, we attempted to duplicate Aleock’s diet as closely as

possible. In these experiments we again obtained imquestionable

utilization of injected tryptophane, as shown in Chart II.

In our original paper we expressly stated that the tryptophane

was injected four times daily, whereas Alcock injected the trypto-

Chabt II. Zein diet. Eats 296 and 295 received 5 mg. of toptophane

twice each day; Hats 326 and 338, 5 mg. of tryptophane four times per day;

and Rats 329 and 330, 20 mg. once each day.

phane in one injection. As quoted by Alcoek, Berg and Rose (3)

showed that feeding 20 mg. of tryptophane per rat at 24 hour

intert'^als gave submaximum growth, while 10 mg. doses at 12

hour intervals gave maximum growth. It might be thought that

division of dosage would be even more significant in the case of

injected material. In order to test, therefore, whether the num-

ber of injections per da}' might be the explanation of the difference

between our results and Alcock’s, we carried out an experiment
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varying the number of injections per day. As will be seen in

Chart II, utilization of the tryptophane was more efiScient when
the daily dose was administered in four portions at intervals dur-

ing the day than when administered in one dose per day. But
even in the latter instance we found a considerable difference in

Table I

Food ConBum-ption

8
10

•c

§

&
§

a

i
Average

daily

food

cnnaumption

Supplement

g
ir

*2

sS

«

01

a?

Cl

Average

ilailv

food

consumption

I

Supplement

gm ! tng per day gm
1

7ng per day

289 9 1--36 3 8 326 9 1- 8 3 5

290 9 1-4 7 8 9-28 0 1 20 (Subcutaneous)

5-36 6 8 10 (Subcutaneous) 29-32 5 6

291 9 1-4 5 2 327 9 1-32 3 9

5-3G 7 6 10 (Per os) 328 d" 1- 8 3 3

292 cf* 1- 4 6 0 9-28 0 2 20 (Subcutaneous)

5-30 8 4 10 (Subcutaneous) 29-32 4 5

31-36 5 3 329 o' 1- 8 3 4

293 & 1- 4 5 2 9-28 4 5 20 (Subcutaneous)

5^ 6 1 10 (Per os) 29-32 4 5

31-36 4 6 330 c? 1- 8 3 9

294 1-36 4 3 9-28 4 3 20 (Subcutaneous)

295 cT 1- 3 5 3 29-32 3 8
4-32 9 1 10 (Per os)

\

331 (? 1-32 4 3

296 9 1- 3 6 3

4-32 7 2;
1

10 (Per os)

the rate of growth of the injected animals and of the controls on

the basal diet. The food consumption in all these experiments is

given in Table I.

EXPERIMENTAL

In duplicating the results of our earlier experiments in which

the tryptophane was administered subcutaneously, the same

expermiental conditions as pre\Tioiisly described were used. Six

albino rats w’ere put on a basal diet deficient m tryptophane.

ThLS consisted of acid-hydrolyzed casein 14 7, cystme 0 3, dextrin
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40, sucrose 15, lard 17, cod liver oil 5, salt mixture (Osborne and
jMendel (4)) 4, and agar 2 per cent. The diet was furnished od
libitum, and yeast pills consistmg of 150 mg. of brewers’ Yeast
Vitamme-Harris and 75 mg of dextrin were fed at 12 hour in-

tervals, At the end of the first 4 days, \vh(‘n all the animals had
lost weight on the basal diet, two of them wore given tryptophane

by mouth, 5 mg. of the tryptophane were incorporated in the

yeast pills and one pill was fed to each of the two animals at 12

hour intervals. Two other animals were given 10 mg. of trypto-

phane daily by subcutaneous injections. The tryptophane was
dissolved in water to make a 1 per cent solution and 0 25 cc. was
injected at 9 a.m

, 1 p.m , 6 p.m,, and 10 p m. The remaining

tw'O animals w^ere left on the basal diet as controls As shown ui

Chart I, the animals receiving tryjitophane subcutaneously grow

at the same rate as those receivmg tryptopliane by mouth
In the experiments with the protein employed by Alcoek*, the

basal diet was composed of acid-hydrolyzed casein 5, zein 20,

dextrin 40, sucrose 20, lard 10, and salt mixture 5 per cent, and

differed from Alcoek’s only in that we substituted lard for palm

kernel oil and dextrin for nee starch. The zem wras prepared

from corn gluten by the customary alcoholic extraction method

For this group of experiments, eight animals w^ere used. This

diet was also furnished ad libitum To supply the necessary

vitamins, 1 drop of cod liver oil was put on the food each day and

yeast was given m pills as described above. Two of the animals

received 5 mg of tryptophane incorporated in the yeast pills,

as mentioned above, twice a day by mouth, A second pair re-

ceived the tryptophane supplement by subcutaneous injection

of 1 cc of a 2 per cent solution, or 20 mg daily. To tw'o others,

tryptophane was administered subcutaneously in four equal doses

daily, each dose consistmg of 5 mg, in a 2 per cent solution. The

remaining tw'o animals served as controls, receiving no added

tryptophane. The growth curves are shown in Chart 11 and the

food consumption is recorded m Table I.

SUMMARY

It has been clearly demonstrated that tryptophane injected

subcutaneously can be utilized, in contrast to the results reported

by Alcock and in confirmation of our previously reported results.

From our findmgs we cannot feel that there is experimental
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evidence to support the theories of protein, metabolism promul-

gated by Alcock, based on the non-utilization of injected trypto-

phane.
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The purpose of this publication is to present a method for the

separation of the saponifiable and unsaponifiable fractions of the

blood lipids and the quantitative determinations of these fractions

by a microgravimetnc technique. The method of separation of

these fractions is an adaptation of one used by Bloor (1) in an early

study, while the gravimetric technique is similar to that used by
Wilson and Hanner (2) for the total lipids The alcohol-ether

extract of 1 cc. of serum is saponified with 50 per cent KOH,
evaporated to dryness, and, after adding water and acidifymg,

extracted with petroleum ether. A phosphorus determination is

made on the watery residue after removal of the petroleum ether

extract. The saponifiable material is removed from the petroleum

ether extract by treatmg with alcoholic KOH solution and water.

The petroleum ether, which contains only the unsaponifiable

fraction, forms an upper layer that is quantitatively removed for

weighing. The fatty acids are recoveredfrom the alkaline alcohol-

water solution by evaporating to dryness, dissohing in water,

precipitating with acid, and extractmg with petroleum ether. The

petroleum ether extract containmg the fatty acids is quantitatively

removed for weighing. The acidimetric titration value and iodine

number are then determined on the weighed fatty acid fraction.

Method

Reagents

1. Alcohol'-ether (3: 1). Bloor^s mixture of 3 parts of redistilled

ethyl alcohol, 9o per cent (refluxed 3 hours with NaOH sticks and

Alexander Brown Coxe Fellow, 1934-35.
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redistilled), and 1 part of ethyl ether, redistilled or anesthetic

quality.

2. 50 per cent KOH. 50 gm, of KOH dissolved in 100 cc. of

distilled water.

3. Hydroquinone, 0 1 per cent solution in 95 per cent alcohol

This should be kept m a dark place and discarded when a pinkisli

hue appears

4. Concentrated HCL Sp. gr about 1.19.

5. 0.1 N KOH in redistilled 95 per cent ethyl alcohol.

6. Petroleum ether, b.p. 30-58®. This consists largely of

pentane and should leave no weighable residue upon the evapora-

tion of 50 cc. of the matenal.

7. 2 per cent phenolphthalein in 95 per cent ethyl alcohol.

8. 0.02 N NaOH.

Technique

Preparation of Extract^ Containing Total Lipids—Prepare the

alcohol-ether extract in the usual manner, 2 5 to 5 cc. of serum or

plasma being used, and reflux for 1 hour on the steam bath or hot-

plate (3). Filter into a 100 cc. volumetric flask, washing the

precipitate three or four times with alcohol-ether (3:1) mixture,

and bring to volume at room temperature

Saponification and Extraction of Total Lipids—^Measure duplicate

aliquots (equivalent to approximately 1 cc of serum) of the alco-

hol-ether extract into 125 cc. Erlenmeyer flasks Add 0.1 cc. of

50 per cent KOH, and 0.1 cc. of 0 1 per cent alcoholic solution of

hydroqumone. Saponify by heatmg for 1 hour at about 80®.

Wlien the material is almost dry, but still slightly pasty, remove

the last traces of alcohol by applying light suction to the flask

Add 3 to 5 cc. of distilled water to dissolve all the soaps. Add 0 1

cc. of concentrated HCl, drop by drop, and agitate until the

particles clump. Add 10 to 15 cc. of petroleum ether. Stopper

the flasks and allow them to stand for about 3 hours or place them

in the shaking machine at low speed for about 20 minutes. Trans-

fer the clear supernatant petroleum ether layer to a 50 cc round

bottomed centrifuge tube by means of a small rubber bulb pipette

with a capillary tip Complete the transfer of the lipid material

by successively adding and transferring several 5 to 8 cc. portions

of petroleum ether.
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Determtnahan of Phosphorus Derived from Saponifiable Phos-

pholipids—^The residue after the extraction with petroleum ether

may be discarded. To determine the lipoid phosphorus hberated

during the saponification, transfer the residue to a 60 cc* volu-

metric flask with successive portions of alcohol and water and
bring to volume at room temperature. Take 10 cc. aliquots

(equivalent to 0.2 cc. of serum) and determine the phosphorus by
the same technique used for hpoid phosphorus.

Calcidations—^These are the same as for lipoid phosphorus-

Separation of Unsapomfiahle Fraction—^Evaporate the petroleum

ether extract down to a volume of about 5 cc* by placing the tubes

in front of an electric fan or m a water bath at 65®. Add 5 cc. of

0*1 N KOH m alcohol, washing down the sides of the tube. Then
add 5 cc. of distilled water. Emulsify the mixture with a glass

rod. When thoroughly mixed, allow to stand a few minutes, and

emulsify again. Wash the glass rod with 1 to 2 cc. of distilled

water, followed by 2 to 3 cc. of petroleum ether. Centrifuge or

allow to stand until both layers are clear. Transfer the super-

natant fluid by means of a rubber bulb pipette to a tared weighing

bottle of 15 to 20 cc, capacity. Complete the transfer by washmg
three to four times with successive 2 to 3 cc. portions of petroleum

ether. Evaporate the contents of the weighing bottle to dryness

and allow to come to constant weight by standing several hours

in the balance room. The weight obtained is that of the unsaponi-

fiable fraction.^

Calculation

Mg. unsaponifiable material X 100 « , , ,— ^ : =* mg. unsaponifiable matenal per
Co serum m sample

Iqq

Iodine Number of Unsaponifiable Fraction—^For the determina-

tion of the iodine number, transfer the contents of the weighing

bottle to a 125 cc. glass-stoppered iodine flask with two successive

1 cc. portions of chloroform.

1 On account of the slight change in tare weights, it was necessary to

make a control weighing of a weighing bottle of similar siae with each set

of determinations This was necessary in spite of the fact that the temper-

ture in the weighing room did not vary more than 6“F. The inconstancy of

the weights apparently is accounted for by the variations in humidity.

The Pregl type of balance was used, but a chainomatic balance sensitive

to 0 05 mg. was found to be fairly satisfactory in a few parallel weighings.
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The Hoseumund-Kubhheim method as described by Yasuda (4),

was found to be satisfactory for this determination

Calculation

Cc. 0.01 NNaaSaOtX 127

Weight of sample in mg.
I No. of unsaponiflable fraction

Recovery of SaponificMe Fraction—^To the saponifiable fraction,

contained in the 60 cc. centrifuge tube, add 0.1 cc. of 0.1 per cent

hydroquinone solution, place in a beaker of warm water, and

evaporate just to the point of dryness or to a slightly pasty con-

sistency. Suction may be applied to remove the last traces of

alcohol. Add 5 cc. of distilled water, to dissolve the soaps. Acid-

ify with 0.07 to 0.08 cc, (2 drops) of concentrated HCl, and agitate

until clumping occurs. Add 8 to 12 cc. of petroleum ether, and

centrifuge or allow to stand until both layers are clear. Transfer

the supernatant layer to a tared weighing flask (about 20 cc.

capacity), using the rubber bulb pipette. Complete the transfer

with four to five successive washings with 2 to 3 cc. of petroleum

ether.

Add exactly 0.1 cc. of 0.1 per cent hydroquinone solution to the

material in the weighing bottle. After the material is evaporated

to dryness, the bottles are weighed. Deduct 0,10 mg. from the

weight obtained, to correct for the hydroquinone. To correct for

changes in the tare a control weighing is made here as described.^

The weight obtained is that of the saponifiable or fatty acid

fraction.

Calculation

^Ig saponifiable material X 100

Cc. serum used
mg. saponifiable material per

100 cc. serum

Acidimetric Titrahon of Fatty Acide and Calculation of Their

Average Molecular Weight—^After the weight has been obtamed,

add 5 cc, of 95 per cent alcohol to the sample and warm. Add 1

drop of 2 per cent phenolphthalein and titrate while still warm
with 0 02 K NaOH to the first pink color that persists. Run a
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blank titration, on hot alcohol and phenolphthalein and subtract

this from the titration figure for fatty acids.

Calculation

Cc. 0.02 N alkali X 20— — =* milli-eqmvalents of fatty acid per liter

Mg« in saponifiable fraction X 1000

20 X cc. 0.02 N alkali
average molecular weight of

fatty acids

Saponification and Recovery of Fatty Acids for Determination of

Iodine Nurriber—After the titration add 2 drops of 50 per cent

KOH to increase the solubility of the soaps, followed by 0.1 per

cent hydroquinone,^ and transfer to a 125 cc, Erlenmeyer flask.

Complete the transfer with three successive 1 cc. portions of

alcohol. Evaporate to dryness. Add 2 to 5 cc. of distilled water,

to dissolve the soaps, then add 2 drops (about 0.07 to 0.08 cc.)

of concentrated HCl. Agitate gently for a few moments until

clumping of the fatty acids occurs. Extract with petroleum ether

and transfer the fatty acids to a 125 cc. glass-stoppered Erlen-

meyer flask and evaporate to dryness by the techniques previously

described. Dissolve the fatty acids in 2 cc. of chloroform for the

determination of the iodine number. Yasuda's (4) technique was

found to be satisfactory. Run a blank determination on 30 cc. of

petroleum ether, evaporated to dryness, as it may be necessary to

make a slight correction for the petroleum ether.

Calculation

Oc. 0.01 N miSiOi X 127

Mg. saponifiable material
average I No of saponifiable fraction

^ The danger of oxidation of the fatty acids, especially when heat is

applied, is well recognized. There is considerable evidence that hydro-

quinone in small quantities prevents changes in iodine number due to oxida-

tion The hydroquinone should not he present during the bromine reaction

as it takes up a small amount of bromine. Hydroquinone is not extracted

from an aqueous solution by petroleum ether. Old hydroquinone may
contain oxyquinone, which has an iodine number of 470, and if present may
cause considerable error. No hydroquinone is present during the actual

determination of the iodine number.
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Lipoid Phosphorus
—

^Use ahquots equivalent to 0.2 cc. of serum
for the determination of the lipoid phosphorus. The material first

is oxidized following Baumann's (5) procedure and the morgamc
phosphate is then determined by any standard colorimetric

method, such as that of Benedict and Theis (6).

Calculation

5R
p: : X mg. P in standard « mg lipoid P per 100 rc. scrum
Cc. serum used

R is the reading of the standard with the unknown set at 20.

DISCUSSION

The alcohol-ether extract of the serum contains all of the lipids

and, in addition, small amounts of glucose, glutathione, some

inorganic salts, and still smaller quantities of other substances.

Repeated determmations have shown that inorganic phosphorus

is not present in quantity sufficient to produce a color reaction.

After the saponification, acidification, and extraction, the total

lipid may be divided into three fractions, saponifiable, iinsaponifi-

able, and water-soluble residue after saponification. Extraction

with petroleum ether removes the saponifiable and unsaponifiable

fractions unaccompanied by appreciable quantities of the other

substances mentioned.

In order to estimate the total lipid in the blood the amounts of

water-soluble derivatives must be added to the sum of the saponifi-

able and unsaponifiable fraction. This fraction consists of glycerol

and the non-fatty acid portion of the phospholipid. The glycerol

content may be calculated from the number of milli-equivalents of

fatty acid per liter, on the basis of a molecular weight of 41 for the

trivalent CsHs, which is the portion of the glycerol represented in

neutral fat and the portion of the phospholipid bound to fatty acid.

The formula used in this calculation is 1 37 X milli-equivalents of

fatty acid = mg. of glycerol per 100 cc. The remammg phospho-

lipid residue may be calculated from the phosphorus content of the

residue after saponification. The empirical formula for that

portion is CH2—0

—

BPOz—C5H13N (7), with a molecular weight

of 181, about 6 times the molecular weight of phosphorus. There-

fore, the mg. per cent of the water-soluble residue is estimated to



W. R. Wilson and A, E. Haiif-en 463

be (1.37 X milli-equivalents of fatty acid) + (6 X mg. percent of

P in watery residue).

Comparison was made in seven instances between the total lipid

as determined by the gravimetric method of Wilson and Banner
(2), in which there is no saponification, and the sum of the frac-

tions determined by the present method. The material unac-
counted for averaged 3,8 per cent of the total lipid, the sum of the

three fractions being less than the total in every instance.

The method suggested by Bloor apparently makes a satisfactory

separation of the two fractions as indicated by the results obtained

in an analysis of known solutions On account of the difficulty of

obtaining a satisfactory sample of lecithin, the known solutions

w^ere made up to contain only fatty acids and cholesterol Solu-

tions containing mixtures of palmitic acid, linoleic acid, and choles-

terol were used. Six different mixtures 'were analyzed m dupheate

and values within 2 per cent of the theoretical were obtained for

unsaponifiable matenal, saponifiable material, titration value, and

iodine number. Some uncertainty 'was felt as to the possible effect

of the presence of phospholipid on the separation, but it apparently

does not interfere to any appreciable extent The saponifiable

fractions from three blood samples 'were tested for cholesterol by
the Liebermann-Burchard color reaction and the color produced

was not greater than that produced by a blank or by a small

quantity of palmitic acid used as a control Blanks run for com-

parison showed no weight or titration value, indicating the absence

of inorganic acid or salt in the fatty acid fraction. Lipoid phos-

phorus was present in the saponifiable fraction to the extent of

about 0.2 to 0 5 mg. per 100 cc. Lack of data as to the form in

which the phosphorus occurs in the saponifiable fraction makes it

difficult to allow for it in calculation of molecular weights and

iodine numbers. Since substances other than fatty acids were not

found in amounts greater than a maximum of 12.5 mg. per cent,

we assume that the saponifiable fraction, as determined by the

method presented, represents for practical purposes the isolated

total fatty acids of the serum.

Results

Human Sera—^The values on a number of human sera are sum-

marized in Table I. Inspection of these data reveal that they are
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in essential agreement with the values given for the serum lipids

by various workers (8).

UmapomfiahU fraction—The unsaponifiable fraction contains

cholesterol, unsaponifiable phospholipid, and small amounts of

pigment. In two instances the determination of cholesterol by the

digitonin method showed that about 70 per cent of the material in

this fraction is cholesterol. Phosphorus determinations indicate

that almost all of the remainder is unsaponifiable phospholipid.

Tests for inorganic phosphorus gave no color, indicating that the

phosphorus is present m organic form. The slight discrepancy

between the total unsaponifiable and the sum of the cholesterol

and unsaponifiable phospholipid (about 10 mg per cent) is within

the limits of error of the methods employed, but it does not exclude

the possibility that there may be some unidentified material

present The iodine numbers of the unsaponifiable fraction range

from 59 2 to 66.1 with an average of 63.4. Cholesterol has a

theoretical iodme number of 66. However, by the pyndine-

sulfate-dibromide method, Yasuda (4) obtained values of 69 for

cholesterol. The values obtained indicate that some material

besides cholesterol may absorb a small quantity of iodine.

Saponifiable or Fatty Acid Fraction—^The saponifiable fraction is

composed of a mixture of fatty acids derived from three chief

sources—^tnglycendes, cholesterol esters, and phospholipids.

Bloor (1) and Channon and Collinson (9) have showm that the

saponifiable fraction consists of a mixture of fatty acids with

widely different characteristics. The average molecular weight

and average iodine number give an indication of the predominating

components of this mixture.

The average molecular weight obtamed in this study was 291

(Table I). If the maximum allowance is made for the presence of

non-fatty acid material in the saponifiable fraction, then the

average molecular weight would be 281. These figures mdicate

the predominance of Cis fatty acids. It is usually stated that the

blood contains some of the shorter chain fatty acids, especially

those of the Cm series. The average of 280 to ^4 would indicate

that there must be an appreciable quantity of the longer chain

(Cso, C22, or C24) acidsm order to give such a high average molecular

freight in the presence of the shorter chain acids. Channon and

CoUinson (9), in studies of the lipids in ox blood, found that these
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longer chain fatty acids are present in appreciable quantities.

Tangl (10) found this to be true for dog, ox, and rabbit blood,

while Brown (11) has found the same m human serum. The
average molecular weights of the fatty acids obtained by Channon
and Colhnson who use large quantities of ox blood are in close

agreement with our values for human serum. In one large (40

liter) sample the average molecular weight was 294.

The study of these workers (9) indicates that very httle (about

15 mg. per cent) of the fatty acids in ox blood is present as the

triglyceride. Since free fatty acid is probably not present in

serum, the triglycerides may be calculated by subtracting from

the total fatty acids the sum of those combined to phospholipid

and cholesterol For this calculation, it was assumed that 60

per cent of the total cholesterol was combmed with fatty acids.

The sum of the fatty acids from these two sources amounted to a

little more than half of the total, mdicating that in human serum a

substantial part of the fatty acids are combined m the form of

triglyceride.

The iodme numbers of the fatty acids are found to be between

99 and 113 (Table I). This is in substantial agreement with the

values found by some W’orkers (12, 13), and somewhat higher than

those found by others (14, 15). It should be borne in mind that

these numbers are calculated directly from the weight of the iso-

lated fatty acids. If a correction were applied for the small

amount of material that is not fatty acid, as stated in the discus-

sion of molecular weights, then these values for the iodine number
would be increased slightly.

The iodme number is really a measure of the number of double

bonds present m a given amount of lipid material. Fatty acids

with 14, 18, and 20 carbon atoms and one double bond have iodine

numbers of 112, 90, and 82 respectively. For identification it

seems preferable to express the iodme absorption capacity of fatty

acids directlym terms of the number of double bonds per molecule.

This may be readily calculated by the formula (molecular weight

X iodine number)/25,400. It may also be calculated by the

formula (roM L 2)/mM fatty acid.

In this study the fatty acids were found to have an average of

1.23 double bonds per molecule, the range being between 1.15 and

1.33. This indicates that the predominant fatty acids have one
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double bond; but appreciable quantities of fatty acids having two
or more double bonds are also present. If there is a considerable

amount of saturated fatty acid in the mixture, in order to have an
average of 1.23 double bonds per molecule, there must be a cor-

respondingly greater amount of acid having two or more double

bonds. The characteristics of the mixture (molecular weight 280

to 290 and 1.23 double bonds per molecule) more nearly resemble

those of a mixture of oleic and linoleic, possibly with some stearic,

than any of the other fatty acids. The presence of arachidonic

acid (C20H32O2) in small quantities in the blood plasma has been

demonstrated previously. It is probable, therefore, that the fatty

acids of human serum are predominantly iinsaturated acids with

18 carbon atoms, with some acids of 20 carbon atoms, and smaller

amounts of other acids.

Phospholipids—^The phospholipids of the blood behave in a

manner indicating the presence of two or more substances of this

character. It has been assumed by most workers that the phos-

pholipid of the blood is largelym the form of lecithin. jMacLean

(7) points out that there may be numerous lecithins, charactenzed

by the presence of different fatty acids in their make-up. No
attempt has been made in the present study to determine definitely

the character of the two fractions into which the phospholipid is

divided following saponification. Calculations based on the

amount of phosphorus in the saponified portion, however, indicate

that the phospholipid saponified is probably a lecithin. With the

amounts of blood used m this study, it could not be ascertained

whether the unsaponifiable phospholipid is a lecithin, which is

refractory to hydrolysis, or is one of the other phospholipids known

to occur in the body. The unsaponifiable phospholipid amounts

to from 7 to 32 per cent of the total and is presumably different in

some way from the portion saponified.

SUMMARY

A method is presented for the separation and w’eighing of the

unsaponifiable and saponifiable portion of the lipid in aliquots

equivalent to 1 cc. of serum. The unsaponifiable fraction consists

of cholesterol and the unsaponifiable phospholipid. The saponifi-

able portion consists of fatty acids with the possible admixture of

small amounts of other substances. The iodme number of the
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unsaponifiable portion and the iodine number and titration value

of the fatty acids are determined. The glycerol, phosphoric acid,

and choline resulting from the saponification of the neutral fat and

phospholipid are left behind in the residue from the extraction

with petroleum ether. Lipoid phosphorus has been determined on

both the alcohobether extract and this residue.

Analyses of seventeen normal sera are presented with the follow-

ing results.

1. The total hpid averages 657 mg per 100 cc.

2. The unsaponifiable fraction averages 260 mg. per 100 cc. with

an iodme number of 63.4.

3. The saponifiable fraction averages 362 mg. per 100 cc. with an

average molecular weight of 291 and an iodme number of 108,

equivalent to 1.23 double bonds per molecule. These figures

suggest that while 18-earbon unsaturated fatty acids predominate

in human blood, there are appreciable quantities of longer chain

unsaturated fatty acids.

4. The division of lipoid phosphorus between the unsaponifiable

fraction and the residue from the saponification indicates the

presence of two types of phospholipid in the blood, one of*them

saponifiable and the other not saponifiable The saponifiable

fraction averages about 81 per cent of the total lipoid phosphorus.
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the microdetermination of ferrocyanide
IN MUSCLE AND URINE*
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In the study of the function of the differentiated parts of the

renal unit, numerous experiments have been performed involving

the injection of various substances into the living animal in order

to ascertain the localization of such function. Iron salts were

among the substances so injected—especially sodium ferrocyanide.

Because of the attempt of several investigators to locate histo-

logically, within the unit, the site of the excretion of ferric iron or of

iron cyanide complexes (1-8), and because of the close correla-

tion between renal structure and its specific function, it seemed

valuable to determine the content of ferrocyanide present in unne

or tissue after its injection mto normal and nephropathic animals.

Since the animals experimented upon were often small and the

amount injected proportionately so, it was necessary to devise a

method for the determination of small amounts of ferrocyanide

present in such complex solutions as urine or those obtamable from

tissues.

Of the published methods for determining ferrocyanide quanti-

tatively, none was found suitable for its determination in minute

quantities in complex solutions, or for its removal from the vari-

ous components of urine or tissue which might limit the amount

recoverable and thus interfere with the determination. A means

of avoiding possible interference of such components which the

older method of Leschke (3) and the recent one of Stieglitz and

Knight (9) do not obviate, vras suggested by \\ illiams’ method

This research ^as aided by a grant from the Bache Fund of the Na-

tional Academy of Sciences.

m
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(10). The latter involves the hydrolysis of the ferrocyanide with

sulfuric acid and the determination of the liberated HCN. By so

modifying this procedure as to make it quantitative, and by using

an accurate titration of the CN"* with standard silver nitrate (11,

12), a method of analysis has been evolved for determining, with

considerable accuracy, a few mg. of iron complex per 100 gm. of

muscle or urine

The hydrolysis reaction is as follows:

Na*Fe(CN)5 + 3H2SO4 == 6HGN + 2Na2S04 + FeSO*

The use of cuprous chloride, as suggested by Williams, is not

necessary. With the proper concentration of sulfuric acid, all the

CN” is liberated as HCN. This is aerated into a solution of

NaOH, in which it was held as NaCN. After the completion of the

hydrolysis, the CN^ is titrated with AgNOa, as follows:

2NaCN + AgNO* « Na(CN)2Ag (soluble) + NaNO»
KI + AgNO* (1 drop excess) = Agl -f- NaNO»

The fact that in the hydrolysis 6 moles ofHCN are produced per

mole of complex increases 3-fold the accuracy of the determination

of the complex.

The end of the reaction is indicated by the appearance of col-

loidal silver iodide, which gives an immediate turbidity. In order

to see the Tyndall effect of Agl clearly, a beam of light is passed

through the solution during the titration.

Apparatus

Two vertical condensers are connected across the top, as in

Fig. 1. Rubber stoppers are used. To the first is attached a

modified 300 cc Kjeldahl flask (Fig. 1, ^), and to the second, as a

receiver, a 200 X 25 mm. test-tube. The second condenser is

packed loosely with glass w^ool and beads in order to increase its

efficiency. Suction is so proAided that a current of air can be

washed through NaOH and then drawn through the Kjeldahl

flask, both condensers, and the receiving tube

A microburette and a spot light are used for the titration.
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Fig 1. A diagram of the apparatus used in the microdeterminations of

ferrocyanide. J, Kjeldahl flask with side arm ; 2^
test-tube for washing air;

5, water-cooled, vertical reflux condenser; 4^ the same as 5, hut containing

beads and glass wool m alternate layers, a, test-tube as a receiver; 6
^
spot

light; 7, microburette; between the lower end of 4 and the bubbling rod of

J, a piece of rubber tubing is preferably used.

ReageiUs

AgNOa- 0.01 N, standardized against HCl of known normality,

by the Volhard process.

Na4Fe(CN) 6 ' IOH2O. Analyzed by precipitation of the iron as

the hydroxide, with subsequent ignition, and weighing of the oxide,

30 per cent H2SO4.

20 per cent NaOH.
10 per cent KI.
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Procedure

The receiver, containing 25 cc. of 20 per cent NaOH (Fig. 1, 5),

is connected to the second condenser (Fig. 1, 4) and to the suction

pump. The substance or solution to be analyzed is placed in the

Kjeldahl flask, and enough water added to make a volume of about

100 cc., followed by the addition of 20 cc. of sulfuric acid, and then

Table I

Analysis of Sodium Perrocyanide Solutions

Na^Fe-
Water Urine*

*

Musclef

(CN)aused AgNOat
required

NaiFeCCN)*
;

determined
AgNOa
required

NaiFe(CN>«
determined

AgNOa
required

NaiFeCCN)#
determined

mg ec

1

mg cc mg cc mg

1 0 79 1 00 0 74 0 94

0 78 0 99 0 74 0 94

2 1 62 2 06 1 54 1 96 1 40 1 78

1 58 2 01 1 56 1 98 1 26 1 60

4 3 11 3 95 3 02 3 84 2 64 3 53

3 08 3 92 3 10 3 94 2 58 3 45

10 7 82 9 95 7 62 9 70 7 30 9 29

7 82 9 95 7 66 9 74 7 36 9 36

20 15 60 19 85 15 60 19 85 14 94 19 01

15 58 19 82 15 38 19.57 14 89 18 95

40 30 40 38 68 30 74 39 12 31 00 39 45

30 15 38 37 30 93 39 36 31 10 39 57

* Urme of man was used

1 12 gm portions of minced muscle were thoroughly macerated with a

concentrated solution of Na4Fe(CN )6 and the nurture ^ as allowed to stand

for at least 15 minutes The time of distillation W'as 45 minutes with cold,

and 15 mmutes with hot condensers; 40 cc. of 30 per cent sulfuric acid were

used Decrease either m the amount of sulfuric acid, or in the time of dis-

tillation gave mcomplete lecovery of cyanide. Blanks for pure solutions

and for urine were negligible That for the muscle was 0 03 cc of AgNOa
Corrections were not made

1 1 cc. 1 34 mg. of Na4Fe(CN)fi IOH2O.

a few quartz pebbles The flask is unmediately connected to the

first condenser and to the air-'washing bottle which contains 20

per cent NaOH. The contents of the flask are refluxed for 20

minutes (for muscle, 45 mmutes), durmg which time the HCN is

aerated through the cold condensers. The flow of water through

the condenser is then stopped but the refluxing is contmued until
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the first condenser becomes hot. This usually requires 10 minutes

(for muscle, 15 minutes). The condensers are then disconnected,

the second one is washed, and the contents of the receiver are

transferred to a beaker and titrated with 0.01 n AgNOj, the

niicrobiirette and spot light being used.

Table II

Effect of Changing the Time of Distillation upon Amount of Ferrocyanide

Recovered

NaiF&.
(CN)«Tisod

Heating time
NiuFe-
(CN)i

recovered

' Heating time
NmFe-

1

CCN)*
1 recovwedCold con-

denser
Hot con-
denser

Cold con-
denser

Hot con-
denser

mg min win p«r cent mtn mm per cent

Water 8 10 10 98 1 20 99 2

10 10 10 96 0 20 99 2

20 10 10 97 0 20 99 2

40 10 10 91 6
1

20 96 5

Muscle 10 20 10 82 2 45 93 3

Table III

Effect of Changing Amount of Sulfunc Acid upon Amount of Ferrocyanide

Recovered

30 per cent
HsSOi used

NaiFeCCN)!
30 per cent !

HsbOi used
;

Na4Fe(CN>e
recovered

Used Becovered

cc mg per cent cc 1 per ceni

Water 20 10 99 2 10 99 2

20 20 99 6 20 100 1

20 40 96 5 40 97 5

The distillation time was 20 minutes with cold and 10 minutes with hot

condenser.

In Table I are shown figures which were obtained by analysis of

solutions of Na4Fe(CN)6 in water, urine, and in minced muscle.

The recovery of ferrocyanide from muscle was less complete and

more time-consuming then from simple solutions. In separate

experiments m which chlorides, bromides, and iodides were added

it was shown that halogen-cyamde complexes were not the cause.

The accuracy of the determinations made upon water or urine
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solutions was approximately 98 per cent for samples larger than

10 mg. In the determinations upon the smaller amounts of ferro-

cyanide no unusual precautions were taken It is indicated that

by reducing the size of the condensers and by standardizing the

conditions more carefully, higher accuracy might easily be

obtained

After it was established that quantitative determinations of

ferrocyanide could be made upon urme and minced muscle, similar

determinations were carried out on blood. Known amounts of

ferrocyanide solutions were added to measured volumes of whole

blood and the two thoroughly mixed. For reasons at present

undetermined the cyanide could not be distilled quantitatively

from such mixtures. That the protems were the interfering

substances was indicated by the fact that quantitative estimations

of the ferrocyanide were made readily upon protem-free blood

filtrate. When, however, to the blood were added about 2 gm.

of calcium chloride as a 10 per cent solution and the procedure

carried through as for urine, the determination became quanti-

tative. A hea\T precipitate of calcium sulfate was formed which

probably prevented the occlusion of ferrocyanide by the precipi-

tated protein.^

It is apparent from the data of Tables II and III that with urine

the procedure may be varied depending upon the amount of ferro-

cyanide present and upon the composition of the material with

which it is mixed. When large amounts are present, a pale blue

color develops in the reaction flask. This may indicate that some

of the cyanide is not distilled, which would account for the lower

values obtained. The amount of ferrocyanide recovered from

urine is the same as that from pure solutions, but in order to make
the amount recovered from minced muscle approximate that from

urine or water, the time of distillation and the amount of acid

must be increased. Similar changes in the procedure had much
less effect when blood was used.

SUMMARY

A method is presented by means of which soluble ferrocyanide

in amounts of 1 to 40 mg. can be determined in pure solutions and

^For this finding we are indebted to our technical assistant, Mr. M
Mittlefehldt.
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in unne or minced muscle. About 98 per cent can be recovered

from pure solutions, urine, or blood and about 90 per cent from

muscle. This method has not been applied to the determination of

insoluble ferrocyanides, hence its validity in such determinations

is not known.
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PLASMA ELECTROLYTES ON THE CONCENTRATION
OF ELECTROLYTES IN THE RED BLOOD CELLS

OF DOGS, MONKEYS, AND RABBITS
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CARY
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In the present paper data pertaining to the mechanism by which

erythroc3rtes of dogs, monkeys, and rabbits are adjusted to changes

in the concentration of plasma electrolytes will be presented. The
data are of particular interest as regards the permeability to

cations of the membrane of red blood cells

EXPERIMENTAL

The technique and theoretical basis of the experimental pro-

cedures are described in detail elsewhere (1). Approximately

100 cc. per kilo of body weight of a 5 per cent solution of glucose

were injected into the peritoneal cavities of the animals of one

group, and a similar quantity of a 1.8 per cent solution of sodium

chloride into those of another group. The amount of fluid found

m the peritoneal cavities of the animals after 4 to 6 hours ivas

approximately that injected. However, equilibration of these

solutions with body fluids had resulted in a fluid with an electro-

lyte pattern that approximated that of interstitial fluid. In the

experiments in winch glucose solution w^as injected (hereafter

designated as '^glucose” experiments) equilibration required the

passage of considerable extracellular electrolyte into the peri-

toneal cavity, resultmg in a marked fall in the concentration of

sodium and chloride of the serum In the experiments in which

the sodium chloride solutions w?’ere injected (hereafter designated

as “saline’^ experiments), an increase in the concentration of so-

dium and chloride in the serum was produced. The change in

477
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concentration of the various ions m the red cells 4 to 6 hours after

the experimental procedure expressed the response of the er3dihro-

cyte to changes in electrol3rte concentration of its surrounding

medium, the blood plasma.

A total of thirty experiments was performed—^fifteen on dogs,

eight on monkeys, and seven on rabbits.

Chemical Methods

The chemical determinations were carried out on defibrinated

blood and serum. The blood was defibrinated by gentle inversion

for 5 minutes in a completely filled, securely stoppered test-tube

containing a small quantity of mercury. The serum was removed

from blood allowed to clot under mineral oil.

Cell volume was determined on the defibrinated blood by cen-

trifuging in capillary tubes at high speed for 20 minutes. Meas-

urements of the height of plasma and cell volumes were made
with calipers. Water content was determined by weighing before

and after drying overnight in an electric oven at 105°; bicarbonate,

by the method of Van Slyke and Neill (2), with 0,2 cc. of serum

and 1 0 cc. of whole blood; chloride, by Patterson^s method
» (3),

with 0.5 cc. of serum and w-hole blood; nitrogen, by the Kjeldahl

method (4), and expressed as per cent protein, the factor 6.25

being used; sodium, by the Butler and Tuthill (6) modification of

the Barber and Kolthoff method, directly on serum and after

removal of phosphorus from the whole blood; potassium, by Hald's

modification of Shohl and Beimett's method (6). The concentra-

tions in cells were estimated from concentrations in the serum and

in whole blood by the following formula

^ ~ W X (1 - 7))c- -

where C represented the cellular concentration; B, the concentra-

tion in whole blood; the concentration in serum; and F, the

proportion of red cells in the blood. Since this indirect method

of estimating cell concentrations tends to summate the errors

inherent in the various methods, the concentrations in the cells

may show a maximum error of db6 milh-equivalents.



479Yannet, Darrow, and Cary

Remits

The complete data, which include analyses of 70 samples of

whole blood and serum, for sodium, potassium, cliloride, protein,

proportion of red cells by hematocrit, and, in most instances,

bicarbonate and dned weight, will not be presented. The figures

have been analyzed from a number of points of view but will be

presented particularly to bnng out the relationship between the

concentrations of cations in cells and serum and the means by
which this relationship is maintained.

Table I

Relationship between Concentration of Univalent Base of Serum and Cells

No of
observa-
tions

Mean standard
deviation

Correa- 1

tion coelh-
cient

llegression
coeiHcient

Dogs. ... 39

m-et, per
kg HaO

m-eg per
kg HiO

(Na).

(Na). .

Monkeys 16
I

155 3 1

142 6 1

ztlO 2

±12 2
1

+0 876 1 05 ± 0 09

(Na + K).

(Na + K).

Babbits . 13

168 1

144 6 !

±12 8

±14 1

+0 827 0 91 ± 0 16

(Na + K).

(Na + K). .

159 9

138 7

±14 0

±13 7

+0 672 0 976 ± 0 22

(Na)e == 1 05<Na), - 20 16 db 5 88 for dogs; (Na + K)c = 0 91 (Na + K).

- 8 46 ± 7 9 for monkeys; (Na -{- K)<, = 0 976(Na + K), - 19 08 =fc 10 24

for rabbits Subscripts s and c refer to concentration in serum or cells in

milli-equivalents per kilo of water.

Relation of Concentration of Univalent Cottons of Serum io That

of Red Cells—The univalent cations e, Na and K) and the anions

w’lth which they combine are responsible for about nine-tenths

of the osmotic pressure of body fluids. The concept of osmotic

equilibrium between body fluids, therefore, implies that, in general,

variations in concentration of univalent cations of extracellular

fluids are accompanied by equivalent variations in concentration

of the umvalent cations of intracellular fluid.

Table I gives the summary of the statistical analysis of the

relation of the chief univalent cations of plasma and red cells. All
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concentrations are e^ressed as milli-equivalents per lalo of water.

When water content was not detennined, it was estimated from

the concentration of protein by the following formulas.

(1) Serum water = 0 99 - 0 8 P,

(2) Cell water ==* 1 00 — 0 8 Pc

P, and Pc represent serum and cell protein respectively, expressed

as gm. per cc. (The first formula is that of Van Slyke, Wu, and

McLean (7) and is confirmed by our data. The second formula

is derived from our data on cell water and protein.) Since, in

dogs, sodium constitutes the preponderant base of both red cells

and serum, only the sodium concentrations were used. In the

rabbits and monkeys, the sum of sodium and potassium was

employed. Table I gives the correlation coefficient between univa-

lent base of cells and serum together with the regression coeffi-

cients. The regression equations and their standard deviations

are given beneath Table I. The statistical methods used were

those recommended by Dunn (8).

The data show a dose correlation between the concentrations of

univalent cations in the red cells and serum of dogs and monke}^,

and a significant but less close correlation in the rabbits In all

cases the magnitude of the regression coefficients (approximately

1.0) mdicates that a change in serum concentration of univalent

cations is associated with a practically equivalent change in cell

concentration of univalent cations. The standard deviations of

the regression equations (±5.88 in dogs, ±7.9 in monkeys, and

±10.24 in rabbits) indicate the distribution of the concentrations

of intracellular cations at a given concentration of these cations

in the serum. In other words, in somewhat more than two-thirds

of the instances one could predict the concentration of prepon-

derant cations of the cells from the concentration in the serum

with an accuracy of ±6 to 10 milli-equivalents. As was pointed

out previously, owing to the summation of errors inherent in the

chemical procedures employed, the concentration of cellular cations

obtained by analysis may deviate from the true value by as much
as 6 milli-equivalents. It is, therefore, not unlikely that the

magnitude of the standard deviations of the regression equations

are in great part dependent upon errors involved in the chemical

procedures. With more accurate methods of analysis, a much
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smaller scattering in cellular concentrations might be demon-
strated.

In general, the data fit in with the accepted concepts of osmotic

equilibrium in body fluids. The correlation demonstrated between
the concentrations of univalent cations of serum and red cells

could be brought about by shift of water, passage of cations across

cellular membranes, or a combination of these two processes. The
succeeding sections bring out the relative importance of th^ two
mechanisms m preserving osmotic equilibrium between plasma

and erythrocytes.

Magnitude of Changes in Concentration of Chloride and Sodhm
in Serum—^The procedures in the glucose experiments decreased

the concentration of serum sodium from 10 to 21 milli-equivalents

per liter of serum, averaging 18 miUi-equivalents. This repre-

sented a reduction of serum sodium of about 11 per cent. Reduc-

tions of chloride varied from 4 to 22 milli-equivalents per liter,

averaging 18 milli-equivalents and representing an average reduc-

tion of 16 per cent. The relatively greater proportionate reduction

of serum chloride than serum sodium is without doubt related to

the concentration of these ions in the peritoneal fluid at the time

of the second examination of the blood. The ratio of CI:Na in

the peritoneal fluid was always appreciably higher than in the

serum.

In the saline experiments serum sodium increased from 7 to 25

milli-equivalents per liter of serum, averaging 19 milli-equivalents.

This represented an average increase of 11 per cent. Increases of

serum chloride varied from 9 to 35 milli-equivalents per liter,

averaging 25 milli-equivalents and representing an average in-

crease of 21 per cent.

Mechanism ofMaintaining Osmotic Equilibrium between Erytkro^

cytes and Plasma—^It was shown above that the concentration of

cellular cations varied directly with the concentration of plasma

cations. The changes in the concentration of plasma cations were

due mainly to the removal, or addition, of sodium chloride.

Changes in the concentration of cellular cations were due either to a

transfer of cations across the erythrocytic membrane or to a shift of

water into or out of the cell. If the lattermechanism alonewere re-

sponsible, the following relationships should hold. Pi/Pz — Ei/Ez

or Ei = E1P2IP1 ]
where P refers to the concentration of cellular
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protein; E to the concentration of a given ion; subscript 1 to the

initial concentration, and subscript 2 to the concentration after

the experimental procedure.

In Charts I and 11, Ei, as calculated from the above equation,

is plotted against the concentration found by analysis. It is obvi-

ous that if there were no shift of ions across the red cell membrane,

the two values should coincide and the points should fall along a
straight Une, having a slope of 1. (In Charts I and II, this is

indicated by the solid line; the dotted lines indicate deviations

K,M.E3.perL. Cl>IEq.perL.

Calculated
Chart I. The effect of changes in plasma electrolyte on the content of

potassium and chloride in red cells of monkeys and rabbits The values

determined after the experimental procedure are plotted against the initial

values after being corrected for changes in cellular water The squares and

circles represent rabbit and monkey experiments respectively The solid

symbols represent salme and the hollow symbols glucose experiments

(See the text for a detailed description )

which may be expected owing to errors inherent in the chemical

methods for determining cellular concentrations.)

Chart I shows that in rabbits and monkeys (m which potassium

is the predominant cation of the red cells) the detenmned values

for the concentration of cellular potassium coincide with the

predicted values. No evidence of loss of cellular potassium oc-

curred when plasma sodium was reduced and no increase occurred

when plasma sodium was increased. The same relationship holds

if sodium plus potassium, or if sodium is used. However, since



48aYannet, Darrow, and Cary

the maximum error m the chemical detemunation of cellular so-

dium is ±6 milli-equivalents, which is almost 30 per cent of the

total concentration of sodiiun in the red cells of these animals,

small changes in sodium cannot be demonstrated. Any likely

change, however, would he too small to affect the osmotic equi-

librium appreciably. We may, therefore, conclude that in rabbits

and monkeys, adjustment of osmotic equilibrium between red cell

and plasma takes place primarily by changes in cellular water.

NA,M.Eia.FeRL. Cl,M.Eq.per L.

Calculated

Chart II. The effect of changes m plasma electrolyte on the content of

sodium and chloride in red cells of dogs The values determined after the

experimental procedure are plotted against the initial values after being

corrected for changes in cellular water. The solid symbols represent saline

and the hollow symbols glucose experiments. {See the text for a detailed

description

)

Chart II demonstrates that in dogs (whose red cells contain

sodium as the predominant cation) an increase in cellular sodium

regularly occurred when plasma sodium was increased. A de-

crease in cellular sodium w'as also found in three of seven instances

when plasma sodium was decreased. This obser\"ation of transfer

of sodium in either direction across the erythrocytic membrane

in dogs has been repeatedly confirmed in other inx-^estigations in

this laboratory, including in mtro experiments and in vivo experi-

ments during which the plasma changes in sodium were main-

tained for several days.

The changes occurring in cellular chloride are also charted in
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like manner in Charts I and II. Little comment is necessary,

since shift of chloride has been repeatedly demonstrated following

various experimental procedures involving changes in serum chlo-

ride or pH. In the experiments on rabbits and monkeys altera-

tions in serum bicarbonate were produced which were obviously

related to struggling rather than changes in serum chloride and

Chart III. The relationship of the changesm sodium to that of chloride

in the red cells of dogs following changes m sodium and chloride in the

serum. The solid and hollow circles represent the saline and glucose ex-

periments, respectively. (See the text for a detailed description.)

sodium. For this reason the shifts of cellular chloride in rabbits

and monke3rs were difficult to interpret and were thought to be

related to changes in pH rather than fluctuations in the concen-

tration of serum chloride or sodium.

Since in the dogs struggling w’^as minimal and changes in serum

bicarbonate were slight, the changes in cellular chloride are related
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to the changes in serum chloride and sodium. In Chart III the

changes in cellular sodium are plotted gainst the changes in cel-

lular chloride. It will be seen that in the glucose expc*riments

decreases in cellular sodium were accompanied by minimal changes

in cellular chloride. In the saline experiments the increases of

cellular sodium were associated in every instance but one by
greater increase in cellular chloride Since the injection of a solu-

tion of sodium chloride increased the concentration of serum chlo-

ride more than serum sodium, the greater increase in cellular

chloride than cellular sodium might be expected. In the one

experiment (marked X) in which cellular sodium increased more
than cellular chloride, a solution which contained 80 milli-equiva-

lents of sodium bicarbonate and 220 of sodium chloride was in-

jected. In this instance, serum chloride and sodium increased

about equivalent amounts

DISCUSSION

Studies of the changes in whole blood saturated at various ten-

sions of carbon dioxide reveal that osmotic and ionic equilibrium

between erythrocyte and plasma are adjusted by shifts of anions

(chloride and bicarbonate) and water (9). Analogous changes

have been described by Harkins and Hastings (10) in response to

the injection of hydrochloric acid in dogs. Wakeman, Eisenman,

and Peters (11), furthermore, have demonstrated a similar process

of equilibrium, when monovalent salts, like sodium and potassium

chloride, are added to human blood. On the other hand. Ham-
burger and Bubanovic (12) and Hamburger (13) showed that the

red cells of beef blood respond to changes in sodium and potassium

concentration of the serum, not only by shifts of water but also by

the passage of these cations across the erythrocytic membrane. A
similar shift of potassium has been demonstrated by Kerr (14) in

dog, sheep, and beef red cells The same author failed to duplicate

these findings in human erythroc3?tes except when watery solutions

were substituted for serum. The present data demonstrate that,

m dogs, changes in plasma sodiummay be accompanied by changes

111 erythrocytic sodium. In monkeys and rabbits, however, similar

plasma changes, under identical experimental conditions, failed

to produce a similar shift of sodium or potassium across erythro-

cytic membranes. At first glance, these varying results seem eon-
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tradictory Some of these apparent discrepancies may be depend-

ent on differences in experimental techniques and analytical

methods. Probably of greater importance, however, are the dif-

ferences in electrolytic configuration of the red cells of the animals

studied.

In Table II average sodium and potassium concentrations of the

red cells of dog, sheep, cow, rabbit, monkey, and man are pre-

sented. The red cells of these animals fall into two groups. In

the first (dog, sheep, and cow) the sodium and potassium concen-

trations expressed in terms of water content tend to approximate

the concentration of these ions in serum. In the second group

(monkey, rabbit, and man) the preponderant cation is potassium,

while sodium is present in relatively small amounts. It will be

Table II

Concentration of Sodium and Potassium (Milli-‘Equivalents per Kilo of

Water) in Erythrocytes As Related to Experimental Evidence

of Cation Permeability

Sodium Potassium
‘ Cation
permeability

Dog .. 143 8 +
Sheep (Kerr (14)) 110 46 +
Cow (Kerr) 116 23 4-

Rabbit. ... 31 108 —
Monkey 32 112 —
Human (Peters (15)) 25 114 —

noted that experimental evidence of shift of sodium or potassium

across the erythrocytic membrane, as far as the available literature

and the present data are concerned, has been demonstrated only

for the former group, i e dog, sheep, and cow. Apparently, ery-

throcytes with an electrolytic pattern resembling plasma exhibit

greater permeability of the cellular membrane to cations than

those with an electrolyte pattern differing widely from that of

plasma. These findings, however, should probably not be inter-

preted as indicating that cells containing sodium as the pre-

ponderant base are freely permeable to cations nor that cells con-

tainmg potassium as the preponderant base are absolutely imper-

meable to cations.

Since analyses of tissues, except the blood, of the animals men-
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tioned above indicate that practically all cells contain potassium

as the preponderant base, the common assumption that cellular

membranes are, in general, relatively impermeable to cations is in

agreement with the results obtained on erythrocytes of comparable

electrolyte pattern.

The anions of the red cells are chiefly chloride, bicarbonate,

phosphate (chiefly organic), and protein. Approximately two-

thirds of the cell base is bound by chloride and bicarbonate, the

remainder being about equally divided between phosphate and

protein. The data available in this study limit the discussion

to chloride and bicarbonate. The reciprocal relationships of these

anions in the maintenance of acid-base equilibnum in the red cell

were demonstrable in the results of the sahne experiments on dogs.

The increase in cell sodium was in every experiment associated

with a somewhat greater increase in cell chloride. In every case

but one this discrepancy w^as partially balanced by a decrease in

cell bicarbonate. In one experiment the dog was injected with a

solution which differed from the 1.8 per cent sodium chlonde solu-

tion used in the other experiments, in that SO milli-equivalents of

chloride were replaced by an equivalent amount of bicarbonate.

In this animal the increase m cellular sodium w^as greater than

that of cellular chloride, while the cellular bicarbonate in this

instance increased so that balance w'as maintained. In spite of

the technical limitations obtaining in a study of this kind, the

tendency for the increase in cell sodium to be almost balanced by

an equivalent increase in the sum of chloride and bicarbonate of

the cell is a striking feature of most of these experiments.

ST7MMABY

Studies of the changes in the red cells resulting from alterations

in electrolyte concentration in plasma of dogs, monkeys, and rab-

bits are reported.

A statistical analysis of the results showed a high degree of cor-

relation betw^een the univalent cations of the red cells and plasma.

The magnitudes of the regression coefficients indicated that a given

change in concentration of univalent cations in serum was accom-

panied by an equivalent change in the univalent cations of the red

cells. These results fit the generally accepted concepts of osmotic

equilibrium in body fluids.
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Shift of water across the red cell membrane constituted the chief,

if not the only, demonstrable mechanism of adjusting osmotic

equilibrium in the monkeys and rabbits. In the dogs, however,

besides the shift of water, passage of sodium across the cell mem-
brane could also be demonstrated.

A review of the available literature on the permeability of red

cells of different animals, together with the data presented, leads

to the conclusion that erythrocytes containing sodium as the pre-

ponderant base are permeable to sodium. A similar permeabffity

of erythrocytes containing potassium as the preponderant base

has not been demonstrated.
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A MONOHYDROXYPALMITIC ACm IN BUTTER FAT
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(Frvm the Laboratory of Physioloffical Chemistry^ the Ohio State University,

Columbus)

(Received for publication, September 23, 1935)

During an investigation concerning the unsaturated fatty acids

present in butter fat, certain preparations of unsaturated fatty

acids were isolated, which seemed to contain a saturated fatty

acid with properties quite different from those of the ordinary

saturated acids. Upon investigation it was found that this

unknown acid was an optically active hydroxy acid wdiich was

liquid at ordinary room temperature. This paper is a report of

these observations

The material used comprised the methyl esters of butter fat as

prepared by Bosworth and Sisson (1), except that they were

redistilled at a pressure of 15 mm. As the purpose of our mvesti-

gation was to isolate and identify the optically active acid pr^nt
in our fractions, the first step was to ascertain the fractions in

which this acid was present- This 'was done by observing the

angular rotation of polarized light caused by the different fractions.

The data thus secured will be found in Table I.

From 500 to 750 gm. of the esters from each of Fractions 24 to

29, inclusive, were saponified and then subjected to the barium

soap-benzene separation. This W’as done in order to remove the

solid saturated acids and most of the unsaturated acid containing

one double bond. The banum soaps which w’ere soluble in ben-

zene were converted to acids and these acids were then subjected

to the lithium soap-acetone separation (2) in order to remove the

arachidonic acid. The insoluble lithium soaps thus obtained were

converted to acids and then subjected to the lead soap-ether sepa-

ration to remove as far as possible the ordinary saturated fatty

acids remaining after the onginal barium soap-benzene separation.

The ether-soluble lead soaps were converted to acids and subjected
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to the barium soap-benzene separation for further purification,

A small amoxmt of insoluble barium soaps was precipitated. The
benzene-soluble barium soaps were converted to acids and these

acids, representing a total of 149 gm., had mean molecular weights

ranging from 243 to 267 and iodine numbers ranging from 65.4 to

82.5.

Table I

Optical Activity of Original Fractions of Methyl Eaters of Fatty Acids from
Butter Fat

A 400 mm tube was used.

Eraction No 1 Boiling range
at 15mm Rotation

Fraction
No

Boiling range
at 15 mm Rotation

22

“(7

155-160

degrees

0 00 27 180-185

degrees

+0 49

23 160-165 -f 28 185-190 +0 35

24 165-170 +0 21 29 190-195 4-0 28

25 170-175 +0 35 30 195-200 Cloudy

26 175-180 4-0 55 31
1

200-205
'

0 00

Table II

Results Obtained from Examination of Hydroxy Amd Separatedfrom Several

Fractions of the Methyl Esters of the Fatty Acids from Butter Fat

Fraction
No

Weight
of acids

Mean
mol wb Mp

I No
Hanus,
30 min

Acetyl
value

Specific

rotation*

gm degrees

24 8 268 16 5 +2 43

25 14 269 16 5 HI
26 26 270 17 0
27 22

!
271 ! 17 0

28 18
1

273 17 0 hh
29 9 273 17 5 Hi
* A known weight (about 5 gm ) of the acid was dissolved in chloroform

to make 50 cc The rotation was observed by the use of a 400 mm tube

It is quite e\’ident therefore that the preparations are mixtures

of saturated and unsaturated acids. These acids were next hydro-

genated, platinum being used as a catalyst. The reduced acids

were then subjected to a lead soap-ether separation to remove the

saturated acids formed by hydrogenation. The ether-soluble
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lead soaps were converted to acids and exanuned. The results

obtained are given in Table II.

The figures for the molecular weights and acetyl values indicate

that the acid we have separated is a monohydroxypalmitic acid of

fairly high degree of purity (theory, mol. wt. 272, acotj'l value

178). The meltmg pomts would seem to indicate that the acid

we have separated differs from any of the monohydroxypalmitic

acids previously reported. The fact that these preparations have

a slight iodine number, indicating the presence of traces of un-

saturated acids, throws some doubt as to the true melting point

of the acid we have identified.

The acids as obtamed from the several fractions were united

Upon analysis the following figures were obtained.

ij

Found Theory for

1
CisH]^

Carbon . .

Hydrogen .

Oxygen by difference.

. ..

i

percent

71 03

12 06

16 91

percent

70 52

11 So

17 63

As our preparations were not purified by a process of crystalliza-

tion, the percentages of the elements as determined are not as

close to the theoretical as might be desired. They do show,

however, that we are dealmg with a monohydroxy acid.

All of the acid remaining was subjectedtoreductionbyhydriodic
acid accordmg to the method as outlined by Crowder and Ander-

son (3) The reduced acid, after crystallization from acetone, had

a meltmg point of 62.5® (palmitic acid, 62.6-63®). I\Tien some of

the substance was mixed with some pure palmitic acid, there was

no change in its meltmg point. The molecular weight as deter^

mmed by titration with 0.1 N alkali was found to be 256 (palmitic

acid, 256.3). The reduced acid was identified as palmitic acid

and the ongmal acid from which the palmitic acid was derived was

identified as a monohydroxypalmitic acid.

SUMMAET

An optically active monohydroxypalmitic acid has been sepa-

rated from butter fat. The lead soap of this acid is soluble in

ether and the barium soap is soluble in benzene.
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THE SPECIFIC ROTATION OF Z-CYSTINE IN RELATION
TO DEGREE OF NEUTRALIZATION AND pH

Br GERRIT TOENNIES, THEODORE F. LAVINE, avd MARY A
BENNETT

{From the Lankenau Hospital Research Institute, Philadelphia)

{Received for publication, September 23, 1935)

The importance of polarimetric standardization of cystine used

in biochemical work has first been emphasized by Alarston and

Robertson (1). Standard values m n HCl have been established

(2). However, data on the specific rotation of cystine at different

acidities have recently been published from two sources (3, 4),

which in both cases e\ndently were obtained on material contaming

about 15 per cent of optically inactive cystine. Since these figures

might inadvertently be used as reference data, especially in con-

nection with oxidation of optically active cysteine, we submit the

corresponding data obtained by us on Z-cystine of 98 to 100 per cent

punty. The determinations covering the whole pH range were

made in 1930, when it was found that the lithium salt of Z-cystine

(5) was a suitable starting material, especially for the production

of a supersaturated solution in the isoelectric range. The data

obtamed—^not published previously, smce the investigation aiming

at establishing individual specific rotations for the different cystine

ions remamed uncompleted—are now presented, together with

recent determinations obtamed on pure cystine and by reoxidatioa

of cysteine according to Pirie’s method (4).

EXPERIMENTAL

The particular preparation of hthium cystmate used is one de-

scribed in an earlier paper ((5) p* 211) wrhere it is shown to consist

to 98 to 99 per cent of the levorotatory modification. Optical

rotation, temperature, and colorimetric pH w*ere determined on

25 cc. solutions of the lithium salt, 0 005 m in cystine and contain-

ing definite amounts of HCI or LiOH. Approximate pH values

403
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were obtained by casual comparisons by use of Clark's (6) sizlfon-

phthalein indicators and, for the alkaline range beyond pH 10, La^

Motte's nitro yellow, sulfo orange, and violet (7), with Clark and

Lubs and S0rensen buffer mixtures (6) as standards* Table I

gives the relations between degree of neutrahzation and pH, while

specific rotation and pH are plotted in Fig. 1. The isoelectric

zone indicated by the range of constant specific rotation is seen to

be in good agreement with the isoelectric zone as indicated by the

range of constant mmimum solubility (9, 10). Included for com-

parison are the data of Pirie (4). His values are for 20® and a cys-

Tablb I

Relation between Degree of Neutralization and pH of Cystine Solutions.

Cystine 0.005 u

LiOH
'

HCl pH laOH HCl pH

If 2f M AT

1 1 0 010 0 009 7 2

0 080 1 3 0 010 0 008 76
0 060 1 5 0 010 0 006 83
0 040 1 7 0 010 8 45

0.030 1 8 0 010 8 7

0 010 0 022 2 0 0 010 0 003 9 0

0 010 0 020 2 1 0 010 0 002 9 15

0 018 2 2 0 010 0 001 9 25

0 016 24 0 010 0 000 9 9

0 014 2 55 0 012 0 000 10 8

0 010 0 012 2 85 0 014 0 000 11 4

0 010 0 0106 3 6 0 016 0 000 11 5

0 010 0 010 5 7 0 018 0 000 11 6

tine concentration of 0.0083 m, while the concentration in his

cysteme oxidations is 0 0064 m. Oxidation of free i-cysteine (11),

in an equivalent amount of HCl, with H2O2 and Cu under the

conditions of Pirie ((4) Fig 1, Experiment 1) gave within less than

15 minutes [alng = —322° at pH 2.2 to 2 3 With a temperature

coefficient of d[a:]/dj5 = +1.5°, obtained on 0 0083 m cystine in HCl

neutralized to pH 2.0 (Hag = -312.1°, -301.3°, and -293 1°

at 19.3°, 26.7°, and 32 05°), this value corresponds to -316° at

30°, as compared with —311° read from Fig. 1, in good agreement

with the estimated purity of the material used in obtaining the
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data of Fig. 1. On the other hand, on the basis of the same tem-

perature coefficient the values of Pirie at pH 2 to 2 5 indicate a
stereochemical punty of about 85 per cent. Of a similar order of

Fig. 1. Specific rotation of Z-cystine and pH. Cystine, 0 005 M. Aver-

age temperature, 30.0** =b 0 5® for pH 1 1 to 11 6 and 31.0® dr 0 5® for pH
0 to 1 pH values between 0 and 1 are calculated from the HCl concen-

tration (0 14 to 1 02 m) according to the activity coefficients of HCl (8),

the cystine concentrations being disregarded, while above 1 the pH was

estimated colorimetrically. For the determinations below pH 1 free cys-

tine was used instead of the Li salt. The broken line curve refers to the

data of Pirie (4) for cystine 0 0083 h, temperature 20®,

purity is the optically active cystine used by Lutz and Jii^ensons

(3). In agreement with the finding of Andrews (12) that there is

no significant difference in the specific rotation of cystine between

THE JOURNAL OF SIOLOGICAL CHEiaSTBT, VOL 112, NO 2
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concentrations of 0.4 and 1 0 gm. per 100 cc. of n HCl we find (2)

for a 1 per cent concentration Hh*® = —200®, while a determinar

tion m 0.4 per cent concentration gave Wng* = — 198.5®. The
determinations of Lutz and Jirgensons for the latter concentra-

tion yield falw/ = — 169°
;
i.e. 15 per cent lower than ourown value.
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DETERMINATION OF THE STEREOCHEMICAL PTOUTY
OP Z-CYSTEINE

By GERRIT TOENNIES and MARY A. BENNETT
{From the Lankenau Hospital Research Institute, Philadelphia)

(Received for publication, September 23, 1935)

The interest of all studies on cysteme, cystine, and kindred

compounds is ultimately related to the problem of their biological

significance. In view of the general biological specificity of

stereoisomers—^whieh with regard to the metabolism of cystine

was experimentally demonstrated by the work of du Yigneaud

and his associates (1)—^reliable critena for the polarimetric purity

of these compounds are essential. Andrews (2) and Toennies and

La\ine (3) have established standard conditions and values^ for the

polarimetric examination of Z-cystine. The difficulties in the

way of obtaining a constant of similar accuracy for the naturally

occumng cysteme^ are due to the fact that the numerical value of

its specific rotation is about 20 tunes smaller than that of cystine,

so that high concentrations have to be used in order to get a satis-

factory precision. Even then, however, the presence of, for

instance, less than 0.5 percent of Z-cystine—easily formed by oxi-

dation—^would cause a decrease of 10 per cent in the absolute rota-

tion value of' dextrorotatory cysteme, thus simulating a content

of 10 per cent of optically mactive c^^steine. It seems more ra-

tional to establish iodometncally (8) or colorimetricall^^ (9) the

—SH content of the sample to be tested and to determine the speci-

fic rotation of the cystine formed by quantitative oxidation. Pirie

(6) demonstrated polanmetrically that cysteine is rapidly and

quantitatively oxidized to cystine at pH 2 by hydrogen peroxide in

1 Recently confirmed by Brown and Lewis (4),

* Belonging to the natural senes of amino acids, it should be called

Z-cysteine Its rotation shifts in a negative direction with decreasing

acidity (5, 6) in agreement with the rule of Lutz and Jirgensons (7) for the

natural series

497
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the presence of copper ion. In that pH range, however, the solu-

bility of cystine is low and, besides, the specific rotation changes

greatly with small variations in pH (10). We found that by
increasing the copper concentration the peroxide oxidation can

be carried out conveniently in n HCl and 1 per cent concentration

(the standard conditions for polarimetry of cystine (2, 3)), and

that pure optically active cysteine produces a value coinciding

with that of pure Z-cystine.

EXPERIMENTAL

Effect of Cu++ on Speed of Oxidation in n HCl—Commercial

cysteine hydrochloride (94 per cent according to acid content, and

6 per cent H2O) was oxidized in N HCl with H2O2 in the presence

of varying amounts of CUSO4. The reaction was followed by
polarimetric readings of ang. The results are given in Table L

After passmg through the maximum level, the rotation declines

again slowly, down to a stable level: in Experiment I, 78 4, 73.9,

63.4, 43.6, 42.2, 37.1 per cent after 21, 28, 45, 95, 101, and 125

hours respectively, in Experiment II, 67.4, 57 8, 57.6, 57.6 per

cent after 20, 26, 44, and 83 hours, and in Experiment III, 52.3,

62,1, 61.7, 51.3 per cent after 18, 24, 42, and 90 hours. The reac-

tion velocity appears, just as in Pirie’s (6) experiments at pH 2,

proportional to the Cu++ concentration.

Free Cysteine—^In further experiments the free amino acid in-

stead of the hydrochloride was used. It is easily obtained as

follows:

Dissolve 10 gm. of cysteine hydrochloride in 7 cc. of water by

gentle warming. If any insoluble material is present, dilute with

30 cc. of ordmary alcohol and filter. Dilute the filtrate with 130

cc. of alcohol and add immediately, with shaking, 5.3 cc of pyri-

dine. Precipitation of free cysteine occurs immediately in crystal-

line form. Leave for 2 hours near 0® and filter on a Buchner

funnel. Wash carefully with 25 cc. portions of chloroform at least

six times. The precipitate should then be free of pyridine odor

and the Cl““ reaction should be negative. The low solubility of a

silver salt of cysteine, even in acid solution, is apt to simulate a

Cl” reaction in the cold. Dissolve a small sample of the cysteine

in dilute nitric acid, heat to boiling, and add silver nitrate. Unless

the solution is too concentrated, the silver salt of cysteine will not
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crystallize until the solution cools* After 1 night under a high

vacuum in the presence of P2O6 the substance is dry,* There is no
evidence of decomposition or oxidation if the substance is kept in

a tightly closed container near 0® in the dark. The yield is 80 to

85 per cent of the theory^

Effect of Variation ofH2O2 Concentration on Maximum Amount

of Cystine Formed—^Free cysteine prepared, in the manner de-

scribed, from Merck’s cysteine hydrochloride which is manufac-

tured from pure Z-cystme,^ was used in this group of experiments.

The iodme consumption found by the method of Latdne (8) was

Table I

Oxidation of Cysteine in k HCl by HtOt in Presence of Varying Amounts
of CuSOi

The experiments were carried out at 28-29*. Cysteine 0.0S33 m corre-

sponding to 1 00 gm. of cystine per 100 cc ; H2O2 0 192 m (Experiment I),

0 176 M (Experiment II and III) (calculated for the oxidation of cysteme

to cystine 0.0417 m)
;

[ot] expressed in terms of per cent of theoretical value

of i-cystme (3) corresponding to total cysteine present

Experi-
ment
No

1

Cu++

j

Oxidation tune

5 min 10

mm
15
min

20

1

xnm
35 1

1

mm
1

^ 70 1

1

mm
1

ilo
1nun '

;

210

1

mm

I

II :

III

mole per Itter i

1 X 10-^

1 X 10“*

5 X 10-3

per cent

7 2

82 7

93 4

per cent

17 1

SS 5

per eent\

24 7

91 0

;

93 4

per cenf

31 3
i

91 6

per cent

45 9
92 2

per ce«*j

62 S

93 2

per cent

76.5

93 2

per eenl

S3 2

100.7 ± 0.1 per cent of the theoretical amount for oxidation to

cystine* The composition of the solutions—^made up in 25 cc.

volumetric flasks and read polarimetncally (ane) in a 2 dm. tube

—

is indicated in Fig. 1. The individual points on the curves were

obtained by combining groups of single polarimeter and ther-

mometer readings, extending over 10 minute periods, into average

values, and expressing the results in terms of per cent of the corre-

sponding polarimetric values calculated (3) for complete conver-

sion of the cysteme present into cystine. A consistent increase of

* Adhering traces of pyridine, revealed by its odor after CHClj has

disappeared, are best removed over HsS04 in vacuo

* Personal communication from Merck and Company, Inc
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the peak value with decreasing excess of hydrogen peroxide, and

approaching 100 per cent, is evident. The relation is illustrated

in the inset, where the maximum value of each curve is plotted

agamst the corresponding peroxide excess (the semilogarithimc

scale is chosen merely as an empirical means of demonstration,

as it would be futile with the present data to attempt evaluating

the actual function involving presumably several simultaneous

and consecutive reactions).

Fig. 1 Oxidation of cysteine with varying amounts of hydrogen per-

oxide. HCl 1 m; cysteme 0 084 m, corresponding to 1 gm of cystine per

100 cc.; CuS04 0 003 m; temperature 26 8° dz 1°; H2OJ 0 042 p 4" (n/100))M,

where n =* per cent given on the individual curves. The inset shows the

maximum rotation plotted against log n

These experiments indicate that the stereochemical purity of

Z-cysteine may be measured with an accuracy of about dhO.25 per

cent by first estabhshmg the —SH content (8, 9) and then deter-

mining in a 2 dm tube the maximum optical rotation reached in

the course of 1 hour by a solution of 0.25 gm. of cysteme in 25

cc. of N HCl and 0,003 m Cu++ ia the presence of hydrogen peroxide,

about 2 per cent m excess over the amount calculated for complete

conversion mto cystine.
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Optical Rotation of l-Cysteine Itself—^The feubstance characterized

by the preceding experiments gave [af^g = + 9.69® =±= 0.05®
;
another

preparation gave +9.69® zfc 0.09®; and the corresponding values

for sodium light averaged = +7.6® db 0.1®. The solutions

were 1 M cysteine (12.1 per cent) and 1 m HCl, density at 26® =
1.053. A temperature coeflScient of approximately da 'dt ^ -«1

per cent was found between 23-33®.

The Wd value is distinctly higher than the one recorded by
Bergmann and Michalis (5) which was obtained under similar

conditions. Exact measurements in lower concentration com-

parable with the data of other authors (11) were not made, since

themaximum precision attainable m a 1 per cent concentration in a

2 dm. tube would be only about ±5 j:>er cent, and since rigid c^x-

clusion of oxygen would be necessaty to obtain a significant valuf^

of even that limited accuracy. In the closed tube a tlow oxida-

tion takes place over several hours, the extent of which is limited

evidently by the amount of dissolved oxygen: in a 12 per cent

solution a decreased by about 3 per cent in about 5 hours, 'fthile in

a 1 per cent solution the decrease w’as about 17 per cent m 5 hours.

Two mdependent expenments on two preparations gave by ex-

trapolation to zero time [a]Hg = +10,6® + 0 1® m solutions of 1

gm. of cysteine per 100 cc. of 1 n HCl.

Thanks are expressed to Merck and Company, Inc
,
for dona-

tions of cysteine hydrochloride.

SUMMARY

1. The oxidation of cysteine by hydrogen peroxide in n HCl can

be catalyzed to convemently measurable rates by copper ion con-

centrations of the order of lO'’^ m
2. On this basis conditions were established for the complete

conversion of cysteine mto cystine for the purpose of determining

the stereochemical purity of cysteme preparations with an accu-

racy of approximately zbO 25 per cent.

3. Data are given for the preparation of free Z-cysteiiie from the

hydrochloride and for its optical rotation.
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THE PRODUCTION OP A DEFICIENCY INVOLVING
CYSTINE AND METHIONINE BY THE ADMINIS-

TRATION OF CHOLIC ACID*

By ABRAHAM WHITE
{From the Department of Physiological Ckemistnj, Yale University^

New Haien)

(Received for publication, September 25, 1935)

The assumption that the taurine of the bile salts has its origin

in dietary cystine is founded, in general, on the in vitro synthesis

of taunne from cystine by Fnedinann ui 1903 (1), and on the

investigations with animals which have, in the majority of in-

stances, involved determinations of the influence of exogenous

cystine on the concentration of bile salts ' The evidence for the

synthesis is based upon reactions which subsequent investigators

have been unable to repeat (4) ^ The data from in vivo studies ob-

* This investigation has been made with the assistance of a grant from

the Committee on Therapeutic Research, Council on Pharmacy and Chem-
istry, American Medical Association.

A part of the data of this study was reported at the Leningrad-Moscow
meeting of the Fifteenth International Physiological Congress under tenure

of an International Physiological Congress Fund Fellowship
^ For a discussion of this evidence, reference should be made to the re-

views of Lewis (2, 3).

* Friedmann^s transformation of cystine into taurine involved the oxi-

dation of cystine to cysteic acid and a subsequent decarboxylation of the

latter compound It is the decarboxylation reaction which does not,

apparently, proceed as described by Friedmann. Lewis and Lewis (5),

in a foot-note, have mentioned the only successful decarboxylation the

author has been able to find to support Friedmann’s work Gortner and
Hoffman (4) suggested that inasmuch as Friedmann’s cysteic acid was
prepared through the copper salt, while theirs was not, “It may be that

copper catalyzes the reaction ” Since Gortner and Hoffman did not test

this possibility, Dr. H. B Vickery and the author have attempted to repeat

Friedmann’s synthesis exactly as described by the latter investigator

However, attempts to decarboxylate cysteic acid, prepared either through

the copper salt or by direct crystallization, were unsuccessful. This de-

carboxylation reaction is receiving further attention,
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tained by determination of the organic sulfur of the bile or by
colorimetric estimation of bile salts can be criticized on the grouni

of specificity of reactions as well as interpretation of the results.

In order to secure additional information on the origin of taurine

and the relation of the latter compound to dietary cystine, a new

method of approach has been employed A nutritional deficiency

in cystine has been produced by the addition of chohc acid to a

diet somewhat low in this sulfur-containing amino acid. As a

working hypothesis, it was assumed that a portion of the chohc

acid ingested would be conjugated with taurine and, therefore,

indirectly impose on the growing animal an added metabolic

demand for cystine.

EXPERIMENTAL

Male rats at weaning were caged singly and given a basal diet

consisting of technical casein^ 6, inorganic salts^ 4, sucrose 15,

starch 50, and lard 25 per cent. Throughout the investigation,

each animal received a daily supplement of 400 mg of yeast^ and

100 mg. of cod liver oil. The amount of the sulfur-containing

amino acids in the diet was limited in order to accentuate the effects

of the cholic acid. Nevertheless, the quantity and nutritional

quality of the protein supplied by the casein and the yeast sup-

plement were adequate for the promotion of good growth for re-

latively long periods of time. This is shown in Chart I which,

together with Chart II, presents in graphic form results representa-

tive of those obtained in the present investigation.

When the animals had reached a body weight of 70 to 85 gm.

each, the ration was changed to one prepared by incorporating

816 mg of chohc acid® in 100 gm of the basal diet. Animals

transferred to this diet ceased growing and gradually lost weight,

* Technical casern (Lister Brothers, New York).
* Osborne and Mendel salt mixture (Osborne, T B

,
and Mendel, L B

,

y. Biol Chem
, 37, 572 (1919))

® Product of the Northwestern Yeast Company.
8 Two specimens of cholic acid were used in this investigation; one was

prepared from ox bile by the method of Schryver (6), and the other was a

product of Ho£fmann-La Roche, Inc. The purity of each sample was

established by melting point and by mixed melting pomt with a recrystal-

lized, analytically pure (carbon and hydrogen analysis) sample of cholic

acid. Both preparations of cholic acid behaved the same in these studies
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Cha:rt I. Growth on basal diet, on basal diet with added cholic acid,

and on cholic acid~containing basal diet with the addition of cystine or
methionine. The diet employed in any portion of an experiment is indi-
cated by the two downward arrows representing the beginning and end
of a period. Diet C-6, basal diet; Diet Ch-C-6, 816 mg of cholic acid per
100 gm. of basal diet. The quantities of the supplements fed are presented
in the text. The average daily food consumption in gm for the correspond-
ing interval is shown by the figures between the upward arrows The initial

and final body weights are presented in parentheses. The cystine, methi-
onine, and basal diet curves are representative of groups of fourteen, four,

and five animals, respectively.

the average daily decline in a group of twenty rats being 0.3 gm.
Various substances were then tested for their abilities measurably
to relieve the deficiency imposed by the cholic acid. Either
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Z-eystine^ or cZZ-metMonine, in quantities of 360 mg. (called 3

equivalents*) and 450 mg. (3 equivalents) respectively, added to

100 gm. of the basal diet already containing the cholic acid, effected

immediate and definite resumption of growth. In a group of

fourteen animals receiving the C3^tine supplement, the average

daily weight increment was 1.0 gm., and vith four animals given

methionine supplements, the average daily gain in weight was

also 1 0 gm. On the other hand, sulfur added in the form of either

taurine (4 equivalents) or sodium sulfate (5 equivalents) to 100 gm.

of the cholic acid-containing diet was incapable of alleviating the

deficiency caused by the cholic acid, notwithstanding the fact

that these materials supplied more sulfur than did the effective

quantities of cystine and methionine. The amino acid glycine (3

equivalents) was also without effect under these experimental con-

ditions. The latter compound was studied, inasmuch as the rela-

tive importance of taurochoUc and glycocholic acids in rat bile

has not been established. Furthermore, an amino acid digest

prepared from casein (7) was also tested in order to detemune

whether a small increase in the intake of amino acid nitrogen in

general would stimulate growth. Assuming an average molecular

weight of 150 for the amino acids of the casein hydrolysate, 3

equivalents (450 mg.) of the digest were added to 100 gm. of the

basal diet containing the cholic acid. This supplement was hke-

wise incapable of stimulating growth. Finally, a group of animals

was permitted to ingest the cholic acid-containing diet for a period

of time, following which the compound was removed from the

ration. The prolonged ingestion of cholic acid does not produce

any evident impairment in the subsequent capacity of the animal

to grow because, following the removal of this substance from the

^ The Z-cystme was prepared from hair. The (fZ-methionine was the

synthetic compound obtained from Organic Chemical Manufactures Di-

vision, University of Illinois The taurine and the glycine were products

of the Eastman Kodak Company. The purity of the glycine was estab-

lished by Kjeldahl nitrogen determination; the other three compounds

yielded the theoretical quantities of sulfur on analysis by the Parr bomb
procedure The sodium sulfate employed was Baker’s anhydrous sodium

sulfate, c p. quality.

® 120 mg of cystine are termed 1 equivalent For the other supple-

ments, the molecular weight of each compoundm mg is called 1 equivalent;

thus 450 mg of methionine == 3 equivalents, 710 mg. of NajSO^ = 5 equiva-

lents, etc.
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diet; growth is resumed at approximately the liormal rate obser\’ed

for animals ingesting the basal diet.

Chart II Grow^th on cholic acid-basal diet as influenced by the addition

of various supplements, and on the basal diet following the removal of

cholic acid from the ration. The designations for diets employed, food

consumption, and body weights are the same as in Chart I. The taurine

curves are chosen from a group of five animals; the curves illustrating the

effect of a sodium sulfate, a glycine, or an amino acid digest supplement are

representative of groups of five, three, and two animals, respectively; the

curve for Rat 54 is typical of that obtained with each of two animals.

DISCUSSION

Some toxicity due to the cholic acid feeding was evident in a

number of the animals. At autopsy, the liver was frequently



508 Cholic Acid and Sulfur Metabolism

swollen, distinctly pale in color, and somewhat mottled. It is

possible that the effect of the cholic acid on growth may be in part

related to the toxicity of this compound, but it should be empha-

sized that stimulation or cessation of growth was exactly coinci-

dent with the addition or withdrawal of the extra cystine or

methionine. The negative results with taurine are particularly

striking and furnish additional evidence that taurine is incapable

of replacing cystine for nutritional purposes in the white rat. The

results may be considered to support the suggestion by Lewis (2, 3)

that the formation of taurocholic acid in the organism occurs subse-

quent to the conjugation of cholic acid with cystine. The ability

of methiomne to act as does cystine under the described experi-

mental conditions supplements accumulating data which suggest

interesting metabolic interrelationships between these two sulfur-

containing amino acids.®

The type of experimental procedure used in this investigation

was suggested by the studies of White and Jackson (8) who were

able to affect the utilization of cystine and methionine, in the

growing white rat, by incorporating bromobenzene in the basal

diet. In that work it was suggested that the added demand by

the organism for the sulfur-containing amino acids for the synthe-

sis of bromophenylmercapturic acid limited the quantities of these

amino acids available for growth. In the present investigation,

the deficiency in cystine and methionine produced by the cholic

acid, and manifested by alterations in growth, may be due to the

demand of the organism for taurine for the synthesis of tauro-

cholic acid. It should be pointed out, however, that the results

obtained might find possible explanation in a direct detoxication

of chohc acid by a mechanism involving either cystine or methi-

onine or both, with the formation of a product other than the bile

acid. The negative results with taurine and the complete inability

of glycine to alleviate the deficiency imposed by the cholic acid

(through a synthesis of glycocholic acid^°) suggest this explana-

tion This possibility is under investigation at the present time,

• See the review by Lewis (3),

The assumption is made that rat bile contains both glycocholic and

taurocholic acids.
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PHOSPHATASE CONTENT OP BLOOD SERUM AND
TISSUES IN THE RAT FOLLOWING ADMINIS-

TRATION OF VITAMINS D AND A

By PAUL D. GRIMM and J. W, STRAYER
{From Boehne Tuberculosis Hospital^ Evansville, Indiana)

(Received for publication, October 5, 1935)

Baumgartner, King, and Page (1), on feeding irradiated ergos-

terol to rabbits, found that the total phosphatase content of bones

was diminished. Page and Reside (2) later reported little or no

change of phosphatase content after feeding ergosterol It has been

suggested that they were working with an inactive preparation.

Kinard and Chanutin (3) found that irradiated ergosterol caused

a rise in phosphatase activity in whole rats up to 60 days, but no

change in adult animals despite the disturbance in calcium me-

tabolism. Taylor, Weld, Branion, and Kay (4) found that phos-

phatase in plasma, bone, and kidney of the rat was reduced after

irradiated ergosterol. Hansen (5) reported the reduction of phos-

phatase in serxmi in four eases of osteogenesis imperfecta following

enormous doses of 10,000X.

EXPERIMENTAL

The method of Bodansky (6) w^as followed precisely for the

deternimation of serum phosphatase, which is expressed ^‘in units

per 100 cc. of serum, a umt of phosphatase activity being defined

as equivalent to 1 mg. of P liberated from a sodium glyceropht^-

phate substrate as the phosphate ion during the 1st hour, at pH 8.6

and at 37° '' This is a modification of the method of Kuttner and

Lichtenstein (7), with corrections for Beer’s law, trichloroacetic

acid, and glycerophosphate, as calculated by Bodansky (8). The

ordinary serum determinations w^ere frequently cheeked with the

method of Benedict and Theis (9).

The tissues w’ere weighed, ground in a mortar, and extracted

with distilled W'ater after the method of Kay (10)- After the

511
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material stood for 48 hours and was filtered, phosphatase deter-

minations were performed exactly as was done when serum was

used. The amount of phosphatase was then calculated from 1 cc.

of extract. No diflBiculty was experienced because of poor match-

ing, color, or turbidity. It is obvious that by this indirect method

tissue extracts are not comparable with the serum findings, but are

only significant when compared with one another.

Phosphatase Content of Normal Litter Mate Rats of Different

Ages—^The pooled blood of groups of normal rats of different ages

was obtained from the vena cava and the phosphatase content

determined. The rats in each group were litter mates, except the

Table I

Serum Phosphatase Content of Normal Rats

Age No of rats in
group

Serum
!

phosphorus
per 100 cc

Substrate
phosphorus
per 100 cc

Phosphatase
(by diSerenee)

days mg mg umts

42 4 8 50 62 10 43 60

45 7 8 35 46 60 38 25

48 4 8 18 65 10 56 82

55 5 9 40 57 60 48 20

60 5 9 82 56 00 46 12 *

72 5 8 37 61 00 52 63

150 10 8 73 67 90 58 17

Average 49 11

ten which were 150 days old. Practically no difference existed

between the young and old rats as to either phosphorus or phos-

phatase content of the serum Bodansky (6) has found human
serum to contain approximately 2 7 umts of phosphatase per

100 cc. of blood. Thus, rat serum is about 20 times richer in the

enzyme than human serum (Table I).

Effect of Yitamin D upon Phosphatase Conteyit of Serum and Tts-

sfues of Matured Rats—^Ten 150 day-old rats were fed toxic doses

of viosterol, 10,000 X.^ The drug was administered at the rate

of 1 cc. daily per rat for 7 days. At the end of that time the rats

1 10,000 X average cod liver oil; 1,000,000 international units per gm ;

kindly supplied by Mead Johnson and Company, Evansville
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were moribund and were sacrificed. Ten normal controls were
also sacrificed (Table II). These rats were the same size and
weight, ±10 gm Each determination was made from the pooled

tissues of two rats, z.e. ten pairs of toxic rats and ten pairs of con-

trol rats. The serum calcium in the control rats averf^ed 112 mg.
and 16.8 mg. in the rats fed toxic doses of viostcrol, 10,000 X

.

Table II

Phosphatase Content of Rat Ttssues after Feeding Viosterol, 10,000 X
Serum findings were made directly Other figures represent units of

phosphatase per 100 cc of tissue extract

No of rats
Serum
Caper
100 cc

ITmts of phospbatase

Blood Bone Kidney
1

Spleen liver i

[

j
intcwtine

!

10 (Controls) ,
!

10 (Poisoned). .i

mg
]

11 2
;

16 8
j

58 17

14 48
i

57 38

66 35

56 36

14 70

1 51

1 74

1

1

0 61
]

54 85

0 03
1

150 35

Table III

Phosphatase Content in Rats Deficient in Vitamin A and in Rats Receiving

Toxic Dose of Vitamin A Concentrate

• «

No of rats, age, and diet
Serum

phoBphorufl
per 100 cc

Subeimte
|

phosphorus
i per 100 cc

j

l%osphataee

,
(by

difference)

5 xerophthalmic rats, 71 days old, 50 days

mg. mg

on diet deficient in vitamin A
.

|

4 xerophthalmic rats, 85 days old, 64 days i

5 60 ^ 30 20
]

1

23 60

deficient

5 toxic rats, approximately 90 days old;

each received 584,000 international

units vitamin A concentrate during

6 92 16 10 9 IS

7 days (very sick) 7 42
i

23 64
j

16 22

The reduction of phosphatase activity in blood and kidney is

m agreement with that found by Taylor, Weld, Branion, and

Kay (4), These authors also report a reduction in bone, but our

findings were inconclusive. In four rats (two pairs) the phos-

phatase content was found to be decreased and in six rats (three

pairs) it was increased, the general average shoeing a decided

increase over the control group. Spleen was found to contain very
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small amounts of the enzyme and liver almost negligible quanti-

ties, both before and after the administration of viosteroL Of

particular interest is the great increase of enzyme in the small

intestine. The entire small bowel was used, from stomach to

cecum. It was split and washed free of its fecal contents with

tap water. Except for bone and, of course, liver and spleen, all

of the changes in each pair w^ere in the same direction as the aver-

age shown in Table II.

Phosphatase Content of Rat Serum in Vitamin A Deficiency and

in Hypervitaminosis A—^It is of interest to note that serum phos-

phatase is diminished in vitamin A deficiency, hypervitaminosis A,

as well as in hypervitaminosis D. The unstable nature of the

enzyme is demonstrated in the foUowmg experiment. Two groups

of rats were used (Table III). In the first group the rats were

deficient in vitamin A and in the second they were toxic from mas-

sive doses of a vitamin A concentrate. These results indicate that

the presence or absence of vitamin A has little or no effect on

phosphatase, but that the relatively great reductions are due to

some other factors incidental to a greatly impaired nutrition.

SUMMARY

1. The serum of rats of various ages was found to contain 49.11

units of phosphatase per 100 cc. of blood. This is approximately

20 times the amount usually found in normal human serum.

2. Rats made toxic "with viosterol showed a marked reduction

of phosphatase in blood and kidney.

3. Bone possesses large amounts of the enzyme, but the findings

after the administration of viosterol were variable.

4. Following massive doses of viosterol the phosphatase content

of the small intestine w^as greatly increased.

5. The administration of toxic doses of viosterol produced no

demonstrable effect on the small quantities of phosphatase present

in the liver and spleen.

6. Vitamin A-deficient rats and rats fed high doses of vitamin A
showed reductions of phosphatase in their respective sera. This

is apparently due to the greatly impaired nutrition of the animals.
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STUDIES OF MULTIVALENT AMINO ACIDS AND
PEPTIDES

VI. THE ACTION OF PROTEOLYTIC ENZYMES ON CERTAIN
SYNTHETIC SUBSTRATES

By JESSE P. GREENSTEIN

{From ike Department of Physical Chemistry^ Harvard Medical School^

Boston)

(Received for publication, September 13, 1935)

One of the most sensitive methods of determining whether a

given chemical linkage occurs in substances of biological origin is

to treat such substances with enzymes. If the latter are able to

attack such a linkage, the possibihty that it occurs naturally may
be said to be confirmed.^ So the peptide linkage of the proteins

has been completely established by the innumerable enzyme m-
vestigations of Fischer, Abderhalden, Waldschmidt-Leitz, Grass-

mann, Bergmann, and their coworkers.

While the polypeptide structure of the proteins, mvohing long

chains of ammo acids bound in amide linkage, has been further

established by the x-ray mvestigations of Astbuiy (2) and others,

the possibility that there may also exist cyclic configurations with-

in the protein molecule has often been advanced (I, 6). The most

probable cyclic structure is the diketopiperazine ring, formed by

the umon of two ammo acids with the loss of the elements of water

between the two pairs of a-amino and a-carboxyl groups. The

chief objections to this hypothesis came from the obsen^ations by

Waldschmidt-Leitz and Schaffner (15) that the neutral diketo-

piperazines were completely resistant to the action of both animal

or plant proteases and peptidases.

The question was again opened by Matsui (12) and Ishiyama

^ The converse need not necessarily be true, since the failure to attack

a given linkage may be due either to lack of the proper enzj’me, or else to

the possession of certain structural peculiarities by the substrate which

render such attack impossible (c/. Bergmann (3)).
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(11) who found that those anhydrides containing free carboxyl

groups were veiy slowly spht by activated trypsin. Further,

Shibata (13) and Tazawa (14) m^cated that certain anhydrides

which they synthesized from arginine ester and from lysine ester

were split by pepsin but not by trypsm. The work of the latter

authors is rather incompletely described and their method of

synthesis should lead rather to the formation of acid amides than

to diketopiperazines.

The author has previously described the s3mthesis of the diketo-

piperazine, anhydro-l-lysyl-Z-glutamic acid amide hydrochlonde

by the condensation of the dipeptide ester m methanol-NHj.

This crystalhne anhydride is optically active, and possesses a free

e-amino group on the lysine residue and a free y acid amide group

on the glutamic residue of the rmg.® The action of the proteases,

pepsin, trypsin, and papain-HCN were tested on this anhydride.

Papain-HCN was also incubated with the neutral diketopiper-

azme, anhydroanunotricarballylic acid tetraamide (8) . In no case

was there any evidence of hydrolysis observed up to 24 hours.

The dipeptide tetrapole, Z-lysyl-Z-glutamic acid, was found by

Bergmann, Zervas, Binke, and Schleich (5) to be somewhat slowly

split by fresh swine erepsin. The peptide, Z-lysyl-Z-histidme, was

more rapidly digested under the same circumstances. In the

present communication is detailed the action of the peptidases

from autolyzed yeast on these substrates as well as the action of

both plant and animal peptidases on the new peptide, glycyl-dZ-oc

aminotncarballylic acid (8) In all cases the potency of the en-

zyme preparations was tested by the use of known substrates.

nXFEBIMENTAIi

The progress of the enzymic action was followed by the titra-

tion method of WiUstatter and Waldschmidt-Leitz (17) in 90 per

cent alcohol, with thsnnolphthalem as mdicator. For color

standard a 0.0025 m solution of cupric chloride m excess NHs was

employed, as recommended by Grassmann and Heyde (7). It

was found advisable in comparing the color of the turbid protein

•The optical activity of anhydro-l-lysyl-Z-glutamic acid amide, not given
-0 35°X9 849

in the previous paper (9), is as follows: [a]" =
1 X 1 005 X o.iato

-2T.7*.
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solutions to mix the standard copper solution with a little infusorial

earth A 90 per cent alcoholic KOH solution, 0 025 n, was used,

and that aliquot of peptide or anhydnde selected which would
give in the event of 100 per cent splitting an increase in the alkali

titration of 2 cc. The original concentration of the racemic sub-

strates was, of course, double in molarity that of the optically

active materials. All reactions were conducted at 30® with the

exception of those where papain-HCN was employed, when a
temperature of 40® was maintained. Suitable controls were

employed.

The pepsin was a Parke, Davis preparation (1:10,000). 10 cc.

of the reaction mixture atpH 1 8 contained 100 mg. of egg albumin

plus 40 mg. of pepsin. 2 cc. aliquots titrated after 2 o, 6, and 11

hours showed an increase in the alkali titration of 0.45, 0.55, and

0.60 cc. of 0.025 isi KOH respectively

The trypsin was a Fairchild product. 10 cc. of reaction mix-

ture at pH 7.8 contained 100 mg. of gelatm and 40 mg. of the en-

zyme. 2 cc aliquots titrated at 2.5, 6, and 11 hours with 0.025 n
KOH showed an mcrease of 0.85, 1.40, and 1.75 cc. respectively.

Papain was activated with HCN for 2 hours at 40® and at pH 5

according to the method of Willstatter and Gra&smann (16).

In 10 cc. were contained 100 mg. of gelatin plus 8 mg. of papain.

2 cc. portions removed at 2.5 and 6 hours showed an increase of

0.85 and 2.05 cc. of alkali respectively.

Autolyzed yeast was prepared by liquefying a half pound of

fresh yeast with 50 cc. of chloroform and then pouring the mass

into 200 cc. of water. After 40 hours standing at room tempera-

ture, during which tune an exactly neutral reaction was maintained

by addition of dilute NHg, the suspension was centrifuged. Swine

erepsin was prepared by mechanically removing the mucus from

the intestines of freshly killed animate, suspending in 3 times the

amount of 87 per cent glycerol, and allowmg the suspension to

stand a few days after addition of toluene. Just before use the

extract was diluted with an equal quantity of cold water and

centrifuged. Carboxypeptidase was obtained by extracting com-

mercial pancreatin for several hours with 87 per cent glycerol.

The extract was then centrifuged, the supernatant solution diluted

with an equal amoimt of cold water, brought to pH 4, and then

treated four consecutive times with alumina gel C-y. The residual
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solution was then used for the experiments after neutralization

and was free of erepsin.

Lysylglutamic acid and lysylhistidine were prepared accordmg

to the method of Bergmaim^ Zervas, and Greenstein (4). The
sjmtheses of glycyl-a-ammotricarballylic acid and the anhydrides

Table I

Effect of Proteases and Peptidases

on
Hy. Hy-

Increase drol- Increase
j

drol- Increose drol-

Substrate fl

g
ysis ysia ysis

a8
< Yeast autolysate Intestinal erepsin Carbo^peptidase

mi£ cc 0 0B5
!

per ce 0 oes per ce 0 OSS per
NKOH

1

cent NKOH cent nkoh
1

cent

Glycylglycine 0 05 0 69(5)* 34 0 88(4) 41
1

di-Leucylglycine

dZ-Leucylglycylgly-

0 10 1 98(5)
1

98 1 48(3) 74 0(3) 0

cinef ...

Chloracetyl-Z-tyro-

0 10 2 72(5) 136 2 04(4) 102

sine

1-Lysyl-Z-glutamic

0 05 0(4) 0 0 74(2) 37

acid .. 0 05 1 16(6) 58 0 88(4 5) 44

Z-Lysyl-Z-histidine.
!

Glycyl-dZ-a-amino-

0 023 0 76(5) 82

tricarballylic acid 0 10 0 83(5) 41 0 41(4) 21 0(4) 0

Pepsin Trypsin Fapain-HCN

Anhydro-Z-lysyl-Z-

glutamic acid

amide . 0 05 0(6,24) 0 0(6,24) o| 0(6,24) 0

Anhydro-dZ-amino-

tricarballylic acid

tetraamide 0 10 0(6,24) 0

* The figures in parentheses represent the hours of digestion

t The results of the action of erepsin on the tripeptide will usually yield

a hydrolysis above 100 per cent, owing to the simultaneous presence of

aminopolypeptidase and dipeptidase.

have previously been reported (8, 9). The enzyme results are

given in Table I.

niscussiON

It is apparent from the results obtamed that anhydrolysylglu-

tamie acid amide is completely resistant to pepsin, trypsin, and
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papam-HCN. Anhydroammotncarballylic acid tctraamide is not

attacked by papain-HCN. While the^ results are not sufii--

cient in themselves to discredit the diketopiperazme hj'pothesis,

they do imply that considerable caution should be exercised in

applying the anhydride structure to the proteins.

Both lysylglutamic acid and lysylhistidine are split by the pep-

tidases of yeast, the former more slowly than the latter (cf. (3j

p. 27). The investigations of Greenstem, Wyman, and Cohn (10)

have shown that lysylglutamic acid, in contradistinction to other

peptides hitherto studied, exists in solution as a rather ngid, rod-

like molecule. It may be that this extended form of the molecule

renders attack by dipeptidase more difficult. Glycyl-a-amino-

tncarballylic acid, a peptide differing in structure from glycyl-

glutamic acid by the presence of a carboxyl group on the ^-carbon

atom, is quite slowly hydrolyzed by yeast and by animal erepsin.

This is a phenomenon characteristic of those peptides wherein

glycine occupies the acyl position.

Since carboxypeptidase is effective on somewhat acidic sub-

strates, its action on the tncarboxylic peptide was attempted.

The results were negative.

STJMMABT

1. The action of pepsin, trypsin, and papain-HCN on the diketo-

piperazine, anhydro-J-lysyW-glutamic acid amide, has been in-

vestigated, as well as the action of papain-HCN on anhydro-dl-

aminotncarbaHylic acid tetraaimde. The results were completely

negative.

2. The dipeptides, Z-lysyl-Z-glutamic acid and Z-lj’^syl-Z-histidine,

are hydrolyzed by yeast peptidase, the former more slowly than

the latter. Glycyl-dZ-a-aminotncarballylic acid is slowly split

by yeast and by intestmal erepsin; not at all by carboxypeptidase.
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It was reported recently (1) that the adenine nucleotide content

of the blood of normal women was distinctly lower than that of

normal men^ but that the corpuscular nucleotide concentration

was the same for both sexes. In this respect the nucleotide

beha\’es as hemoglobin does. It becomes a matter of interest to

investigate any possible correlation between the adenine nucleo-

tide of the erythrocytes and such factors as (1) hemoglobin, (2)

volume of packed red cells, and (3) red cell count.

Normal blood does not afford an opportunity for an extensive

study of such relationships because of the hmited range of varia-

tion of these factors in this medium. In the anemias and poly-

eythemias, however, variations are so great as to offer an excellent

opportunity for the study of possible correlations. Accordingly,

the blood of 100 patients suffermg from anemia, a few suffering

from polycythemia, as well as 100 normal bloods have been

analyzed for nucleotide, hemoglobin, hematocrit, and erythrocyte

count. Correlations have been calculated between nucleotide

and each of the factors mentioned with the result that a linear

relationship, maintained over 10-foId variations in concentra-

tions, has been demonstrated between nucleotide and hemoglobin.

EXPEEIMENTAL

Cases Studied—^The normal bloods were drawn by venepuncture

from medical students, nurses, and laboratory workers mto bottles

containing the correct amount of oxalate. The pathological cases

studied were patients at the Johns Hopkins Hospital. The

523
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anemias comprised an extraordinary variety of cases both mor-

phologically and etiologically The red cells were in some cases

macrocytic, m others microcytic, and in still others normocytic.

Hypoc^omic, hyperchromic, and sickled cells were included.

The anemias were caused by acute or chronic blood loss, excessive

blood destruction, a variety of toxemias, including those of preg-

nancy, and also certain aplastic and idiopathic anemias. The
cases were either untreated or in various stages of treatment,

certam mdividuals being followed at interv^als during treatment.

Those cases were excluded which were associated with abnormal

metabohc conditions such as diabetes, leucemia, carcinoma,

nephritis, etc. Otherwise no selection of data has been made.

Methods

The adenine nucleotide was determined in duphcate by the

Buell (1) method. Hematocrits were read in especially calibrated

Wmtrobe tubes after rapid centrifugation for 30 minutes. Dupli-

cate red ceM counts and hemoglobin determinations were pams-

takmgly performed by Miss Regina Weistock. Statistical treat-

ment of the data was carried out under the direction of Dr. C. E.

Palmer of the Johns Hopkins School of Hygiene and Public Health.

Results

The data obtained have been plotted in Charts I to III, which

illustrate the correlation between nucleotide and (1) hemoglobin,

(2) hematocrit, and (3) erythrocjdie count, respectively. In all

three charts the ordinates are identical and represent the mg of

adenine nucleotide per 100 cc. of whole blood In each case the

unit on the abscissa has been so chosen as to make the ounces as

nearly as possible directly comparable. The circles represent

normal bloods and the crosses pathological bloods.

In Chart I the abscissa represents gm. of hemoglobin per 100 cc.

of whole blood. It is evident that there is a definite spread among

the points representing normal bloods which defines the limits of

normal variation. When parallel lines, drawn to outlme these

normal limits of variation, were extended m each direction to m-

clude the pathological bloods, it became apparent that these points

also fell withm the same lines. In other words, there was no

greater actual deviation in the relationship between nucleotide
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Chart I The correlation between nucleotide and hemoglobin; the co-

ejfficient was found to be +0 SS8.
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Chart II The correlation between nucleotide and hematocrit; the co-

efficient was found to be +0 888.



Chart III, The correlation between nucleotide and erythrocyte count;

the coefficient w’as found to be +0 723.
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aud hemoglobin among the pathological bloods than among the

normal. Over this extraordinary range of hemoglobin concentra-

tion (2.6 to 25 gm. per 100 cc. of blood) there was an approxi-

mately linear relation.^ The correlation coefficient, calculated

to be +0.898, demonstrates an unequivocal correlation between

nucleotide and hemoglobin.

Chart II illustrates the relation between nucleotide and hemar

tocrit, ie, the volume of packed red cells. Here again, the

correlation is good, the coefficient being +0.888. It will be noted,

however, that one of the polycythemias which fell accurately into

line in Chart I fell"distinctly out of line in Chart II. Chart III

shows the relation between nucleotide and erythrocyte count.

For the normal bloods the same limits of variation were found as

in Charts I and II but, by contrast, the points representing the

pathological bloods were more scattered. The same case of poly-

cythemia previously referred to, which was somewhat out of hne

in Chart II, could not be plotted on Chart III and should be lo-

cated at a point corresponding to 9.15 on the abscissa Never-

theless, it is evident that there is a certam correlation between

nucleotide and erythrocyte count, the coefficient being +0.723.

The possibility of some correlation between nucleotide and red

count was va^ely suggested by Eothmann (2).

DISCUSSION

In the interpretation of these observations consideration must

be given to the factors, both technical and physiological, which

influence the values. Among the physiological may be mentioned

(1) the rates of s3mthesis, destruction and excretion of the end-

products of the nucleotide, (2) variable proportions of leucocytes,

which contain relatively more nucleotide than erythrocytes, and

(3) the possible variable occurrence of other purine nucleotides

such as oxyadenine nucleotide. These, among other factors,

doubtless contribute to the variations observed among normal

bloods.

In any exact comparison of the correlation coefficients noted

' On Chart I it is impossible to distinguish between the successfully

treated anemias and polycythemias; it would be impossible to distinguish

such bloods from strictly normal bloods if they were not marked with dots

and crosses.
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above allowance must also be made for technical variations in the
reproducibility of the determinations involved. The error inher-

20 24 28 32 36 40 26 34 42 50 58 66 74 62 90
Grains hemoglobin Milligrams naclecdide

perlOOcc red corpusclzs per i00c,o redcorpuscles

Chakt IV. There is a general similarity between the frequency distri-

bution patterns of nucleotide and hemoglobin in both the normal and
pathological bloods studied.

ent in the nucleotide determinations is the same in Charts I to

III, Although the errors expected in the three determinations
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with which the nucleotide has been correlated cannot be stated

mathematically with assurance, it can be said confidently that

the greatest degree of accuracy was obtained in the hematocrit

and the least m the hemoglobin determinations. Actually the

apparent correlation of nucleotide was best with hemoglobm, but

not significantly better than with hematocrit. This small ob-

served superiority would doubtless have appeared greater had the

same degree of precision been attained in the determination of

hemoglobin and hematocrit.

Chart IV illustrates the frequency distribution of nucleotide

and hemoglobin in both the normal and the pathological bloods

studied. On the ordinates is given the number of cases studied;

on the abscissae the gm. of hemoglobin and the mg. of adenine

nucleotide per 100 cc. of erythrocytes. It will be seen that many
of the pathological bloods were hypochromic; i e., the mean cor-

puscular hemoglobm concentration was low. Similarly there

has been a change m the distribution pattern of nucleotide, which

follows, in a general way, that of hemoglobin.

sxjmmaht

There is in human blood a significant correlation between the

adenine nucleotide and hemoglobin contents of the erythrocytes

If this correlation mdicates a primary association between nucleo-

tide and hemoglobm, the observed correlation between nucleotide

and both hematocrit and erythrocyte count follows logically. It

cannot be concluded from these observations, however, whether

both compounds are regulated by the same unknown factors, or

whether the occurrence of one fundamentally affects the other.
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Pectin is considered by many investigatorh to be the tetramethyl

ester of an acid composed of 4 mojeeulc® of d-galactnroine acni, 1

molecule of d-galactose, and 1 molecule of f-arabino'^e (1) How-
ever, experimental work described ilorell, Baiir, aiirl Link f2)

indicates that the pectin molecule is more complex and contains

between 8 and 10 molecules of d-galaeturonic acid The data

obtained by repeatedly cry-stallizing calcium pectate and analyzing

the various crops support the view of Link and his collaboratorf'

Pectic substances readily lose a part of their combined >ugar dunng
purification As a result, the data obtained cii analysis of a pec-

tate will depend on the previoiL-ts treatment of the material.

Several explanations have been given for the origin of pectic

substances, hemicelluloses, and ligniu in plant^J. Candlin and
Sehryver (3) suggested that the hemicelluloses are formed from

pectic substances. Other workers l^eheve that lignin is formed

from pectin. Buston (4) has discussed the relation among these

classes of compounds He concludes that they are not formed

from each other. The present investigation supports the con-

clusions of Buston. It is possible that pectic substances, hemi-

celluloses, lignin, and perhaps some phenolic bodies are formed

from carbohydrates by a process of intermolecular oxidation and

reduction whereby energy is liberated for use by the growing

plant.

* The author desires to express his appreciation to the National Research

Council for assistance m this investigation The results of tins in\estiga-

tion were described by the author at the meeting of the Pacific Coast

Division of the American Association for the Ad\anremeiit of Science at

Berkeley, June, 1934, and at the meeting of the American Chemical Society

at San Francisco, August, 193o.
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The possible presence of pectic materials in mature wood is a

debated question (5). Most workers agree that they are present

in young wood but claim that they are absent from mature wood.

However, Preece (6) found 0.4 per cent pectin in boxwood and

O^Dwyer (7) isolated a pectic material from beech wood. Ex-

perimental work^ extending over the past 3 years has led to the

isolation of pectic substances from the cambium layer and from

the sap-wood of black locust, Rohima pseudacacia, L. While the

work on the heart-wood of black locust is incomplete, pectic

materials seem to be present in it also The investigation indi-

cates that the pectic substances and hemicelluloses remain in wood

very much as they were originally laid down. Other substances

seem gradually to be deposited on the original materials and pro-

tect them from the action of solvents. After the covering sub-

stances have been removed, the pectic materials can be dissolved

by use of suitable solvents. Sands and Nutter (9) found that

treatment of a wood with chlorine and ammonium hydroxide for

the removal of lignin renders soluble large amounts of hemicellu-

lose not previously dissolved by 5 per cent sodium hydroxide solu-

tion. The failures of many investigators to isolate pectic sub-

stances from wood are probably due to the protective action of

these covering substances.

Pectic materials are present in plants in several forms of com-

bination (1). The water-soluble pectic material extracted from

wrood is present partially as a methyl ester. The water-insoluble

pectic material in Tvood appears to be present chiefly as the c^-

cium salt of pectic acid, though some of it may be combined with

cellulose or lignin. Several carboxyl groups are present in a mole-

cule of pectic acid Each of these may be combined differently.

One may be present as a methyl ester, another as a calcium salt,

while a third may be combined with cellulose or lignm. For the

removal of water-insoluble pectic substances the wood is first

heated with ammonium oxalate solution or dilute hydrochloric

acid and then treated with ammonium hydroxide. This proce-

dure would indicate that the pectic material is present as calcium

1 This work has been done in cooperation with Dr. I. W Bailey. The
work of Bailey and Kerr (8) made possible the selection of suitable methods

for isolating the various polyuronides from wood and for determining the

location of each polyuronide in the cell
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pectate. Onslow (10) suggests that the pectie material isolated

by O’D^^T^r (7) from beech wooii present as calcium fiectate.

The work of Sucharipa (11) indicat(>‘5 that jieetic substances are

sometimes combined with cellulo'^. In the pn^R^nt investigation

an attempt was made to dissolve all the celIuIo>e from wood bj' the

use of Schweitzer’s reagent and leave the pectie material undis-

solved. This was not accomplished. ConMderahle cellulose

remained imdissoived. This might indicate a union l>et^een

pectic material and cellulose. On the other hand the imdissoived

cellulose may have been surrounded by insoluble pectic material

instead of being present as a compouiul of oeUuIfK(» and pectin.

The work of Bailey and Kerr (8) indicate^ that the pectie ma-
terials remaining in wood after thorough extraction with boding

water are present in the intercellular layer (middle laniella) and in

the primary cell wall. The latter also contains large amounts of

cellulose. Later, as the thick secondary cell wall fonns in^-idc the

primary cell wall, large amounts of cellulo^^-e and hemieelIulo«e are

deposited in it. Lignin is deposited along with and over these

materials or po.ssibly in part combined with them. The fact that

the cambium layer gives much larger amounts of carbon dioxide

than the sap-wood, w’hen heated with 12 per cent hydrochlonc

acid, Tvoiild be readily explicable if the pectie materials are located

in the middle lamella and the primary cell wall.

EXPERIMENTAL

Material Used—^Black locust w'ood, Rohima pseudacacta, L., was

chosen for investigation because it is not heavilj^ lignified. It w^as

collected by Dr. I. W. Bailey near Boston, in April, 1933. At the

time of cutting it w'as separated into three portions; namely, the

cambium-phloem, sap-wood, and heart-wrood. Each portion w^as

air-dried and converted to a fine poivder.

Uronic Acid Anhydride Present—^Treatment of the wood with

12 per cent hydrochloric acid by the method of Lef&vre and Tol-

lens (12) gave the following results: cambium 2,4, sap-w’ood 1 12,

and heart-wrood 1.09 per cent carbon dioxide. These results

wmid correspond respectively to the following amounts of uronic

acid anhydride: 9.60, 4.48, and 4 36 per cent. The slight decrease

in the amount of carbon dioxide given by the heart-wood is un-

doubtedly due to the later deposition of other materials in the
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wood. The author has heated the sap-wood and heart-wood of

several different species of trees with 12 per cent hydrochloric acid.

In all cases the yield of carbon dioxide given by the sap-wood was

slightly higher than that given by the heart-wood.

Sap-Wood

Isolation of Pectic Materials—^The powdered wood was thor-

oughly extracted by ether and by hot alcohol. It was then ex-

tracted with hot water until the starch had been removed. It was

next extracted twice with a 5 per cent solution of sodium hydrox-

ide, each time for 48 hours. The alkaline extracts contained the

hemicelliilose, which will be describedm a later article. This pro-

cedure removed some materials that were covering the pectic

substances and preventing their solution by the pectic solvents.

The wood was now washed with water and with very dilute hydro-

chloric acid to neutralize the alkali It was then extracted twice

with 0,05 N hydrochloric acid. Each time it was heated in a bath

of boiling water for 2 hours This process apparently removed

the calcium from calcium pectate and left most of the pcctic acid

to be dissolved by ammonium hydroxide. At the same time some
pectic acid was dissolved by the hot hydrochloric acid The com-

bined hydrochloric acid extracts were made slightly alkahne with

ammonium hydroxide, then slightly acid with acetic acid, and a

10 per cent solution of calcium chloride was added ^ Pectin A was
precipitated by addition of 3 volumes of alcohol. The super-

natant liquid was siphoned off and the precipitate centrifuged out

and washed The yieldwas 0 8 per cent of the weight of the wood
used Samples of Pectin A, prepared at different times, when
heated with 12 per cent hydrochloric acid, gave amounts of car-

bon dioxide varying from 5 to 11 per cent. The wood was next

extracted twice, each time for 48 hours, with a 5 per cent solution

of ammonium hydroxide The combined ammonium hydroxide
extracts were made acid with acetic acid and Pectin B precipitated

as described above. The yield was 0.7 per cent.

Purification of Pectic Substances—A portion of Pectin A was
shaken with 150 times its weight of 1 per cent hydrochloric acid

and the solution centrifuged from the solid impurities. The solu-

* Branfoot (1) describes the determination of pectic materials
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tioix was made alkaline with clear barium hydroxide solution and
then slightly acid with acetic acid. The precipitate of barium
pectate was centrifuged out and washed several times. On analy-

sis it gave 16.4 per cent carbon dioxide by the method of Lefdvre

and Tollens (12), 22,5 per cent barium, and 14 05 per cent fur-

fural, Barium pectate prepared from commercial citrus pectin

by the same method gavfe 16.3 per cent carbon dioxide, 23 per cent

barium, and 16 per cent furfural.

A second portion of Pectin A was shaken with 0 1 n hydrochloric

acid apd centrifuged from the insoluble material The pectic

material was precipitated by addition of 3 volumes of alcohol and
the precipitate centrifuged out. The dry pectic material was
dissolved in 20 parts of warm 0.1 n sodium hydroxide solution and
allowed to stand for 1 hour The solution was acidified with

hydrochloric acid, then made alkaline with ammonium hydroxide,

and filtered. The filtrate was made faintly acid with acetic acid

and a 10 per cent solution of calcium chloride was added. The
calcium pectate was filtered from the hot solution and washed with

boiling water until free of chlorides On analysis it gave 16.6 per

cent carbon dioxide, 7.8 per cent calcium, 27 per cent furfural, and

42 per cent mucic acid. Calcium pectate prepared from commer-

cial citrus pectin by the above method gave 19 10 per cent carbon

dioxide, 8 6 per cent calcium, 19.5 per cent furfural, and 51 per

cent mucic acid. It appears that calcium pectate made from

Pectin A contains a larger amount of pentose than that from com-

mercial citrus pectin. However, when this calcium pectate is

redissolved and reprecipitated several times, the amount of pentose

gradually decreases and its composition approaches closely cal-

cium pcctatc made from citrus pectin. For example, after three

such treatments the calcium pectate made from Pectin A gave

18.8 per cent carbon dioxide, 8.80 per cent calcium, and 18.8 per

cent furfural.

Pectin B was mixed with 150 parts of water and allowed to

stand for 24 hours After centrifuging, the clear solution was

made 1 per cent acid with hydrochloric acid and the pectic material

precipitated with alcohol The precipitate was centrifuged out

and washed. On analysis it gave 22 3 per cent carbon dioxide,

1.00 per cent ash, and 2 32 per cent methoxyl. Link and collabo-

rators have shown that the polygalacturomc acid from commercial
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citrus pectin consists of between 8 and 10 molecules of d-galac-

turonic acid. A compound of 8 molecules of d-galacturonic acid

and 1 molecule of Z-arabinose with one carboxyl group present as

a methyl ester should give 22.3 per cent carbon dioxide and 2 per

cent methoxyl. It thus appears that Pectin B is similar in com-

position to the polygalacturonic acid from commercial citrus

pectin.

Purified Pectin B was converted to calcium pectate by the pro-

cedure described under Pectin A. The resulting calcium pectate

gave 18.9 per cent carbon dioxide, 9 0 per cent calcium, 18 per cent

furfural, and 50 per cent mucic acid.

Identification of the UronicAczd—The presence of large amounts

of galacturonic acid in the pectic material was established by the

method of Heidelberger and Goebel (13) At different times

purified pectic materials as well as pure calcium pectate from sap-

wood were mixed with hydrobromic acid and bromine and heated

under a reflux. In all such cases mucic acid melting at 217® was

isolated from the solution.

The calcium pectate prepared from Pectins A and B was dis-

solved in 4 per cent sulfuric acid and the solution heated to boiling

for 25 hours. The solution was filtered and neutralized with

calcium carbonate. Eventually there were obtained a white,

water-soluble, calcium salt and an alcohol solution containing

small amounts of sugar The calcium salt, on analysis, gave 20 5

per cent carbon dioxide, 10 1 per cent calcium, and 18.6 per cent

furfural. It showed [ajJ® = -+-48.7®. When oxidized with bro-

mine water it gave large amounts of mucic acid melting at 217®.

This establishes the presence of d-galacturonic acid.

The amount of sugar obtained from the hydrolysis of the cal-

cium salt was so small that it could not be identified. A pentose

sugar is present in the purified pectic material first obtained.

However, in the process of conversion to the purified calcium salt

most of the sugar was liberated. No methyl pentose seems to

be present at any time, since only traces of the furfural phloro-

glucide precipitate dissolve m hot alcohol.

CamMum

Isolation of Pectic Substances—^The powdered cambium was
extracted twice with acetone and twice with boiling alcohol. It
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was then extracted three times with water at 97°, each time for

a period of 3 hours. The combined water extracts were mixed
with a 10 per cent solution of calcium chloride and 3 volumes of

alcohol added. The yield of Pectin A was 6 per cent of the weight
of the wood used. The wood was next extracted twice with 0.05

N hydrochloric acid. Each time it was heated for 2 hours in a
bath of boiling water. Pectin B was isolated from the hydro-

chloric acid extract as described above. The yield was 5.6 per

cent. The wood was next extracted twice, each time for 24 hours,

with a 6 per cent solution of ammonium hydroxide. The com-
bined filtrates were acidified with acetic acid and Pectin C was
precipitated with calcium chloride and alcohol. The yield was

2 per cent.

Pectins A and B gave strong tests for starch but Pectin C was
starch-free. The three lots of pectin gave respectively the follow-

ing amounts of carbon dioxide by the method of Leffevre and
Tollens (12) : 8.6, 11.0, and 9 6 per cent. All three of the pectins

gave positive tests for ester-linked methoxyl groups but negative

tests for ether-linked methoxyl groups.

Purification of Pectic Materials—^Pectins A and B were mixed

separately with 50 times their weight of 1 per cent hydrochlonc

acid and heated in a bath of water at 85° until the test for starch

was negative. This required approximately 3 hours. The solu-

tions were filtered and the pectic material precipitated with al-

cohol. Pectin A gave 16.3 per cent carbon dioxide, 2.75 per cent

methoxyl, and 16 per cent furfural. Pectin B gave 16.6 per cent

carbon dioxide, 4.7 per cent methoxyl, and 16 per cent furfural.

Monomethyl pectinic acid, corresponding to the formula of Nanji,

Paton, and Ling (14), should give 17.4 per cent carbon dioxide,

3 06 per cent methoxyl, and approximately 20 per cent furfural

Conversion of Pechc Materials to Calcium Pedate—^Purified

Pectins A, B, and C were dissolved separately in 3 per cent am-

monium hydroxide and the solutions centrifuged. The clear solu-

tions were mixed with 1 per cent of their weight of sodium hydrox-

ide and allowed to stand for 1 hour to hydrolyze the ester. They

were then made 1 per cent acid with hydrochloric acid and the

pectic acid precipitated with alcohol. In each case the pectic

acid was centrifuged out and washed with alcohol It was dis-

solved in dilute’ammonium hydroxide and the clear solution made
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slightly acid with acetic acid. The calcium pectate was precipi-

tated from the hot solution by addition of a 10 per cent solution

of calcium chloride The calcium pectate was filtered off and

washed with boihng water until free of chlorides. The three lots

of calcium pectate gave the following results on analysis: Pectate

A, 19.3 per cent carbon dioxide, 9.0 per cent calcium, 32.6 per

cent furfural, 45 per cent mucic acid; Pectate B, 19 0 per cent

carbon dioxide, 8.6 per cent calcium, 20 5 per cent furfural;

Pectate C, 18.9 per cent carbon dioxide, 9.0 per cent calcium,

18,75 per cent furfural. The results obtained on analysis of

calcium pectate made from commercial citrus pectin have already

been given. The properties of these calcium pectates were similar

to those of known samples of calcium pectate. The presence of

d-galacturonic acid in them was established by the method used

in the case of the sap-wood.

Amount of Pechc Material in Cambium and Sap-Wood—^The

method used to determine the amount of pectic material in soft

vegetable tissues (1) cannot be applied to wood because of the

insolubility of pectic material in wood. However, from the

amount of carbon dioxide obtained by heating the wood with

12 per cent hydrochloric acid, an estimate can be made of the

maximum possible amount of pectic material present. In the

case of the cambium this is approximately 13 per cent. The
amount of pectic material in the cambium is undoubtedly much
less than 13 per cent. If one-half of the carbon dioxide given by
the sap-wood of black locust when heated with 12 per cent hydro-

chloric acid came from pectin, there should be between 3 and 4

per cent of pectic material in the sap-wood Probably the amount
actually present in the sap-wood is less than 3 per cent.

SXJMMABY

Pectic substances have been isolated from the cambium layer

and from the sap-wood of black locust. The composition of some
of these materials has been found to approximate closely certain

of the pectinic acids. Others of the pectic materials were foimd
to approximate closely the polygalacturonic acid obtained from
commercial citrus pectin These materials were converted to

calcium pectate and its composition found to approximate closely

calcium pectate made from citrus pectin. The presence of d-
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galacturonic acid was established in the calcium pectate from
both cambium and sap-wood. The sugars were not identified

but methyl pentose sugars are apparently absent. It appears

that the pectic materials in wood are deposited in the middle

lamella and the primary cell wall in the early stages of cell de-

velopment and remain even in the old wood. Later in the growth

of the wood other materials appear to be deposited on the pectic

materials and protect them from the action of pectic solvents.

The water-insoluble pectic material seems to be present largely

as a calcium salt, though a part may be combined with cellulose

or with ligmn. While no determination was made of the amount
of pectic material present, the sap-wood apparently contains less

than 3 per cent and the cambium less than 13 per cent.
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THE CHEMISTRY OF THE LIPIDS OF YEAST

in. LECITHIN AND CEPHALIN*
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In the preceding papers in this series Newman and Anderson

(1) reviewed the small amount of work which had been published

on the phospholipids of yeast and they also reported the isolation

of about 1.3 per cent of crude phospholipids, calculated on the

weight of the dried yeast. The mixed phospholipids were purified

and the hydrolysis products were examined but no attempt was

made at that time to separate the mixture of lecithin and cephalin

into pure components. The proportion of lecithin and cephalin

in the purified phospholipid was estimated by the ratio, total N
to amino N, and was as 4:1. In the examination of the unsatu-

rated fatty acids the authors mentioned above found that catalytic

hydrogenation (2) yielded a mixture of palmitic and stearic acids,

thus indicating the presence of both Ci6 and Cis unsaturated acids.

The present report deals with the separation of the purified

mixed phospholipids into lecithin and cephahn and with the de-

tailed investigation of the cleavage products obtained on hydroly-

sis. One of the problems in the present investigation was to

determine whether the unsaturated Ci« acid formed a part of the

lecithin or of the cephahn molecule As a matter of fact, it was

found that both lecithin and cephalin contained the unsaturated

Cm acid; the lecithin, however, contained the larger amount.

As judged by the iodine number of the mixed unsaturated acids,

no acid having more than one double bond was present. This

* The data are taken from the dissertation submitted by L F. Salisbury

to the Faculty of the Graduate School, Yale University, 1935, in partial

fulfilment of the requirements for the degree of Doctor of Philosophy

t Holder of the Fleischmann Fellowship in Chemistry, Yale University,

1933-35.
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was further confirmed by an experiment in which the mixed un-

saturated acids were brominated but no insoluble bromides were

obtained.

The purified lecithin, upon hydrolysis, yielded 64 per cent of

fatty acids of which 14 per cent were solid and 86 per cent were

hquid acids. The sohd acids contained approximately 43 per

cent palmitic and 57 per cent stearic acid The liquid acids were

wholly of the CrtH2n-202 type, and no liquid saturated acids were

present. Upon reduction of the hquid acids, 63 per cent palmitic

and 37 per cent stearic acid were found; a trace of some acid

higher than stearic acid was indicated. From the aqueous por-

tion of the hydrolysis mixture choline, optically active glycero-

phosphoric acid, and phosphoric acid were isolated

Purified cephaKn yielded, upon hydrolysis, 64 per cent of fatty

acids, 16 per cent sohd, and 84 per cent liquid acids. The solid

acids contained 56 per cent stearic and 44 per cent palmitic acid.

The liquid acids were reduced and foimd to be free of liquid satu-

rated acids. The reduced acids contained 58 per cent stearic and

42 per cent palmitic acid, a trace of an acid lower than palmitic

was possibly indicated. From the aqueous portion of the hydrol-

ysis mixture aminoethyl alcohol, inactive glycerophosphoric

acid, and phosphoric acid were isolated.

EXPERIMENTAL

Through the courtesy of The Fleischmann Laboratories, New
York, we were supplied with about 78 kilos of fresh living com-
pressed yeast, Saccharomyces cerevisisej which had been grown
under carefully controlled conditions so as to exclude the intro-

duction of extraneous impurities, such as the hydrocarbons found

in a former experiment. The yeast was extracted in four equal

portions with alcohol and with alcohol and ether and the lipids

were isolated as described by Newman and Anderson (1). The
same precautions were observed to exclude air by the use of

carbon dioxide or mtrogen as described in the publication men-
tioned above.

The total ether-soluble lipids amounted to 531 gm. and the

dried defatted yeast ceils weighed 17 29 kilos The pbosphatides

were separated from the fat fraction by precipitation with ace-

tone from ethereal solution and purified as described in the former
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publication (1). The mixed phosphatides amounted to 58 per

cent of the total fat.

The ether-acetone mother liquors were concentrated and cooled^

whereupon a considerable quantity of solid material was precipi-

tated. The latter after being purified by crystalhzation from

ethyl acetate was found to consist of nearly pure ergosterol, m.p.

161-162®, Hd® in chloroform = —126®. The acetone-soluble fat

obtained on evaporation of the acetone solution was not further

examined.

Punfimtion of Cephahn

The mixed phosphatides were triturated with two portions of

absolute alcohol, after which the alcohol-insoluble portion was
precipitated six times from ethereal solution with alcohol and

twice with acetone, A slight amount of ether-insoluble material

was separated by sedimentation. The ethereal solution of the

crude cephalin was next emulsified with 10 per cent aqueous ace-

tic acid and the mixture was separated by pouring into acetone.

The precipitate was collected, dissolved in ether, and all of the

operations mentioned above were repeated a second time, after

which the cephahn was precipitated three times from ethereal

solution with alcohol. The final product, a hght brown hygro-

scopic powder, 32,7 gm
,
was preserved under absolute alcohol

and carbon dioxide.

The following values were found on analysis: C 69.78, H 9.37,

N 1.46, P 3.81, ammo N 1 50, ash 9.40, iodine number 39 4,

Hd in chloroform = +3.6®. The potassium hydroxide equiva-

lent of the phosphorus was determined according to Rudy and

Page (3) and was found to be 1 16.

The values for carbon, hydrogen, nitrogen, and phosphorus

are lower than required by theory for a t3rpical cephalin but are

similar to those reported by other investigators. Levene and

West (4) have suggested that the low values obtained on analysis

are due to partial decomposition of cephahn during purification

Hydrocephahn—It was stated by Levene and West (4) that

cephalin was hydrogenated with difiiculty and our experiments

fully confirm this observation. It was necessary to shake an

ethereal solution of cephahn with platinum oxide under 25 pounds

pressure of hydrogen for 96 hours before a saturated compound
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was obtained. The hydrocephalin was quite soluble in moist

chlorofonn and it dissolved slowly in moist ether but in the

dried solvents it was insoluble. For purification the substance

was dissolved in moist chloroform and precipitated by the addition

of acetone as a white amorphous solid. Found: C 68.43, H 9.41,

N 1.97, P 3.71, iodine number 0.9.

Purification of Lecithin—^From the alcohol-soluble fractions ob-

tained in the purification of cephalin lecithin was separated by

the cadmium chloride method and purified as described by Levene

and Rolf (5). After the cadmium chloride treatment was re-

peated a second time, the lecithin was practically free from amino

nitrogen. The punfied and dried lecithin was a firm plastic mass

of light yellowish color. Found: C 62.35, H 10.77, N 2.06,

P 4.47, amino N 0.1, ash 2.7, iodme number 37.6, Hd m chloro-

form = -|-6.3°.

NivJiydrin Reaction—Cephalin, which contains amino nitrogen,

reacts with ninhydrin to give a blue color. This reaction was

used in the purification of lecithin as a qualitative test for the

presence of cephalin. Experiments showed that as little as 0.7

mg. of cephalin emulsified m 6 cc. of water to which were added

0.01 ce. of pyridine and 2 drops of a saturated aqueous solution

of triketohydrindene gave a distinct blue color within 20 minutes

when heated in a boilmg water bath. The purified lecithin gave

no coloration when tested in this manner. Although the reac-

tion is not very sensitive, it may serve as a qualitative test for

cephalin in the separation of mixed phosphatides.

Hydrolecithin—^Lecithin was easily hydrogenated. An ether-

alcohol solution of 6 gm. of lecithin was shaken with platinum

oxide under 25 pounds pressure of hydrogen for 1 hour. The
cataljrst was filtered off and the reaction product was obtained

as a white amorphous solid weighing 5 gm. after the solution had
been concentrated and cooled. The substance was dissolved in

warm ether, treated with nont, filtered, and the solution was
cooled. The white amorphous precipitate which separated was
filtered off, washed with cold ether, and dried. The substance

was slightly soluble in acetone and petroleum ether, easily soluble

in hot ethyl acetate, alcohol, and in warm ether, and very soluble

in chloroform. On cooling the solutions, only white amorphous
precipitates were obtained. The substance softened at 78® and
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melted at 92"^ to a clear fluid; [a]f in chloroform = +7*^. The
hydrolecithin absorbed no iodine when tested with the Hanus
solution. Found: C 62.26, H 11.44, N 1.94, P 4 35.

Cleavage Products of Lecith%rb~Th!b purified lecithin, 22.44 gm
,

was rubbed into an emulsion with 350 cc. of water which had been
boiled, cooled, and saturated with carbon dioxide, and 15 cc. of

concentrated sulfuric acid were added. The mixture was re-

fluxed for 6 hours, until the coagulum which formed on acidifica-

tion had been converted into a clear oily layer. The fatty acids

were extracted with ether and the aqueous solution was saved for

the examination of water-soluble compounds.

Separation of Fatty Acids—^The fatty acids, after being dried

in vacuo, formed a brown oil weighing 14.39 gm. or about 64 per

cent of the lecithin. The acids were separated by the lead soap-

ether method (6) into 12.03 gm. of liquid acids, having an iodine

number of 84.3, and 1.95 gm. of solid acids The liquid acids

amounted to 86 per cent and the solid acids to 14 per cent of the

total acids recovered.

Procedure for Examination of Fatty Actds—The fatty acids

were converted into methyl esters and the esters weie fractionated

by distillation at 2 to 3 5 mm. pressure. The melting point and

refractive index, at 55°, of the esters were taken as criteria of

purity. The purified esters were saponified and the acids were

isolated and recrystallized The acids were identified by melt-

ing point, mixed melting point, combustion, and molecular weight

determination. From a consideration of the indices of refraction

and the amounts of the ester fractions, the percentage composi-

tion of the esters was estimated.

Liquid Fatty Acids—The liquid fatty acids were hydrogenated

catalytically (2) and the solid reduced acids thus obtained were

methylated. No liquid saturated fatty acids were found. The

methyl esters were fractionated, yielding methyl palmitate and

methyl stearate. The first residue in the distilling flask was

found to contain a trace of some acid of higher molecular weight

than stearic acid.

The methyl palmitate melted at 28®; n^^ = 1.4263. The free

acid obtained on saponification melted at 62.5®.

CwHsaOa (256). Calculated C 75 00, H 12 50

Found. 74.74, “ 12 80
» Mol wt 259 8
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The methyl stearate melted at 37 S*’; = 1 4300. The free

acid obtained on saponification melted at

C18H36O2 (284) Calculated C 76 05, H 12 67

Found 76 17, 12 77

Mol wt 286 6

The residue from the first distillation weighed 0.321 gm. After

sapomfication and crystalhzation a very small quantity of an

acid was obtained, which melted at 67.5-68® and which had a

molecular weight of 300,

From the quantities of the ester fractions and their indices of

refraction, it was estimated that the reduced acids consisted of

about 63 per cent palmitic acid and 37 per cent of stearic acid,

the trace of the higher unidentified acid being disregarded.

The iodine number, 84 3, of the hquid fatty acids indicated the

absence of acids containing more than one double bond. In a

separate experiment 10 gm. of liquid fatty acids were prepared

from the lecithin and brominated in petroleum ether solution at

— 15®. No insoluble bromides separated. It is evident there-

fore that no highly unsaturated acids were present in the lecithin.

Solid Saturated Fatty Adds—The solid fatty acids obtained in

the first hydrolysis were insuflS.cient in amount to permit of ade-

quate fractionation and purification. An additional 36 gm. of

lecithin was therefore hydrolyzed and the fatty acids were sepa-

rated into solid and liquid acids. The solid acids, weighing 2.4

gm., were purified by the Twitchell method (7) and converted

into the methyl esters The esters were fractionated as described

above The two purest fractions obtained corresponded in prop-

erties to methyl pahnitate and methyl stearate and no indication

of either lower or higher acids was found. The esters on saponi-

fication gave palmitic acid and stearic acid of correct melting

point and composition. For the sake of brevity analytical data

are not given. From the indices of refraction of the esters, it

was estimated that 43 per cent of palmitic acid and 57 per cent

of stearic acid were present in the mixture.

Examination of Water-Soluble Constituents

Isolation of Barium Glycerophosphate—^The aqueous solution

from which the fatty acids had been extracted was freed of sulfuric
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acid quantitatively with banum hydrojdde, after which the solu-

tion was neutralized to phenolphthaJein with barium hydroxide.

The precipitate which separated was barium phosphate and
weighed 0.315 gm., representing 3 2 per cent of the total phos-

phorus. The filtrate on addition of alcohol gave a precipitate of

barium glycerophosphate, which was collected, washed, and dried

in vacuo. The substance, a white amorphous powder, weighed

3.438 gm., corresponding to 33.2 per cent of the total phosphorus

The low recovery of phosphorus in the above determination was
due as found later to incomplete precipitation of the glycerophos-

phate. Addition of more barium hydroxide to the filtrate gave a
copious precipitate of barium glycerophosphate. In a separate

hydrolysis, we were able to recover all of the phosphorus of the

lecithin in the hydrolysis products—even the fatty acids were

found to contain a trace of phosphorus The barium glycero-

phosphate was punfied by precipitation from aqueous solution

with alcohol until a snow-white powder was obtained that was

easily and completely soluble in water. For analysis the sub-

stance was dried at 106° in vacuo.

C.H,0(iPBa (307.4) Calculated. Ba 44 69, P 10 08

Found. “ 44 49, " 9.69

' The barium glycerophosphate showed a shght levorotation,

[a]|® = —1.31°. By the method of Karrer and Solomon (8), it

was found to contain about 18 per cent of (S-glycerophosphonc

acid.

Isolation of Choline—^The filtrate from the barium glycerophos-

phate was acidified with hydrochloric acid, evaporated to dryness

in vacuo, and the residue was extracted with absolute alcohol.

The solution was made up to 100 cc and ahquots were taken for

examination. A mtrogen detemunation (Kjeldahl) showed that

the solution contained 90.43 per cent of the lecithin nitrogen.

From 10 cc. of the solution we obtained 0.85 gm. of chohne

chloroplatmate or about 92 per cent of the anticipated amount.

This figure is in agreement with the observation of MacLean (9)

that choline is precipitated in 92 per cent yield by chloroplatimc

acid. The choline chloroplatmate was recrystallized from dilute

alcohol and for analysis was dried to constant we^ht at 100° in

vacuo.

(CsHKNOCDiPtCU (616 2). Calculated, Pt 31 68; found, Pt 31 69
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CepJialin Hydrolysis Products—^The methods used in the hy-

drolysis and in the examination of the cleavage products of cepha-

Im were identical with those described under lecithin, hence the

results only will be given in this report. The purified cephalin,

21.77 gm., after hydrolysis gave 13.84 gm. or 63 57 per cent of

fatty acids which were separated into 10.33 gm. or 84 per cent

of liquid acids and 1.97 gm. or 16 per cent of solid acids.

Liquid Fatty Acids—^The liquid fatty acids had an iodine num-

ber of 77.6. After catalytic hydrogenation no liquid saturated

acids were found. The reduced acids were methylated and the

methyl esters were fractionated as described above. A trace, 37

mg., of the most volatile portion of the esters melted at 11~15®;

the balance was a noiixture of methyl pahnitate and methyl stea-

rate from which pure fractions were obtained. After saponifica-

tion of the esters pure palmitic and stearic acids were isolated.

As estimated from the indices of refraction of the esters, the mix-

ture contained 42 per cent palmitic acid and 58 per cent stearic

acid. No evidence was found for the presence of any higher acid.

Solid Fatty Acids—^The solid fatty acids melted at 54-65® and
the molecular weight as determined by titration was 264 9. The
acids were first purified by the Twitchell method (7) and then

esterified and the esters were fractionated by distillation. From
the indices of refraction, we estimate that the esters consisted of

44 per cent methyl pahnitate and 56 per cent methyl stearate and
no indication was found of the presence of any other acids. After

the pure ester fractions had been saponified pure palmitic acid

and stearic acid were isolated and identified by melting point,

molecular weight, and analyses.

Olycerophosphoric Acid—The aqueous portion of the hydrolysis

mixture was treated as described under lecithin. There were ob-

tained 0.83 gm. of banum phosphate and 7.217 gm. of barium
glycerophosphate. The purified barium glycerophosphate when
tested by the method of Karrer and Solomon (8) gave a slight

amount of the double barium salt corresponding to 9 per cent of

/3-glycerophosphoric acid. In aqueous solution the substance

showed no optical activity. For analysis the substance was dried

to constant weight at 105® in vacuo,

CiHrOePBa + 1 SHaO (334 4). Calculated. Ba 41 08, P 9 27
Found. “ 41 08, 41.09, “ 9.17, 9.27
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Aminoethyl Alcohol—^The filtrate from the barium, glycero-

phosphate was evaporated to dryness in vacuo and the residue was
extracted with absolute alcohol. The solution was concentrated

to 15 cc. and mixed with an alcoholic solution of picrolonic acid.

The picrolonate, which separated on cooling, was filtered, washed,
and dried. The substance, which weighed 5.06 gm., was recrys-

tallized from alcohol and separated in yellow prisms. The picro-

lonate melted with decomposition at 223-225° and there was no
depression of the melting point when mixed with an authentic

specimen of aminoethyl alcohol picrolonate.

CijjHibNbOc (325). Calculated, N 21.53; found, N 21.06

Complete details of the work here reported may be obtained

from the thesis by L. F. Salisbury on file in the Yale Umversity

Library. The thesis also contains a review of the elementary

analyses and hydrolysis products of phospholipids from various

sources, as reported in 132 published papers.

It is a pleasure to acknowledge our indebtedness to The Fleisch-

mann Laboratories, New York, and to Dr. C. N. Frey for support

given this investigation.

SUMMARY

1. The mixed phospholipids of yeast have been separated into

lecithin and cephalin. The products were purified until the

lecithin was free from amino nitrogen and all of the nitrogen of

the cephalin was in the ammo form.

2. On hydrolysis both phospholipids gave about 64 per cent of

fatty acids.

3. The component fatty acids of both the lecithin and cephalin

were found to be very similar, consisting of 84 to 86 per cent of

liquid acids. The liquid acids on catalytic reduction gave a mix-

ture of palmitic and stearic acids. The solid acids likewise con-

tained only palmitic and stearic acids

4. The water-soluble portion of the hydrolysis products of

lecithin consisted of optically active glycerophosphoric acid and

chohne.

5. The water-soluble fraction from cephalin contained optically

inactive glycerophosphoric acid and aminoethyl alcohol.

6. Hydrolecithin and hydrocephalin were prepared and ana-

lyzed.
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VEN^ CAViE, AND PORTAL VEIN*

By FREDERICK H. SHILLITO, EMILY H. BIDWELL, and
KENNETH B TURNER

(From the Department of Medicine, College of Physicians and Surgeons,

Columbia University, and the Presbyterian Hospital, New York)
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The literature of cholesterol metabolism abounds m reports of

quantitative differences m the blood cholesterol brought about by
passage through various organs or tissues. If an increase occurred,

the tissue was assumed to have added to the circulating cholesterol

either through actual synthesis or by release from storage. A
decrease was ascribed to destruction or storage of cholesterol.

Interest has centered primarily on the lungs, which are said to

remove cholesterol from the blood stream. Although the claim

has not been accepted without controversy, the greater number of

papers seems to favor this view. Such changes, if present, would

be of obvious importance. We were prompted, therefore, to re-

port our observations in an attempt to elucidate this point.

The subject was opened by Abelous and Soula (1) who found m
dogs that the blood serum from the right heart had a higher cho-

lesterol content than that from the left heart. They explained

this difference by the assumption that the lungs destroyed choles-

terol. Others (2-13) reported similar findings for cholesterol or

total fat. This difference was said to disappear in pancreatec-

tomized animals (7-9, 14) only to be restored by insulm. Hoppe

(15), however, found that the total fat of the blood from the right

heart was only occasionally higher than in the femoral artery, and

Markowitz and Mann (16), also working with total fat, reported

no difference m the blood proximal or distal to the lungs. In

acute pulmonary edema produced m rabbits by intravenous m-
jections of adrenalin, it was claimed that the blood hpids in the

* Aided by a grant from the Josiah Macy, Jr., Foundation,
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left heart were actually higher than in the right (17). Recently

Kuriyagawa el at (18) reported the total lipid of the plasma to be

greater in the right heart than in the carotid artery following the

administration of olive oil to dogs. The cholesterol was relatively

the same m blood from the two sites. These authors concluded

that the lungs had no specific r61e in fat metabolism.

Increased pulmonary ventilation was said to augment the power

of the lungs to lower blood cholesterol, while, conversely, asphyxia

decreased this ability (2), Bugnard (3, 19) believed that the

change in the cholesterol of the blood on passage through the lungs

was more apparent than real, as a rise in acidity caused a shift

of cholesterol from cells to plasma in venous blood, while the lungs

by lowering the carbon dioxide caused a reverse movement.

However, Scheffer (20) denied that the distribution of cholesterol

between cells and plasma was influenced by carbon dioxide or

oxygen.

In other locations, it has been reported that cholesterol is higher

in the splenic, femoral, and renal veins than in the corresponding

arteries (4, 11). In the portal vein it was said to be higher than

in the subhepatic vein, in the superior vena cava higher than in

the inferior (11).

EXPEEIMENTAL

In our experiments fifteen cats and two dogs were used. The
animals were deeply anesthetized by pentobarbital sodium (nem-

butal) admioistered mtrapentoneally. A tracheotomy was per-

formed, a tracheal catheter inserted, and artificial respiration

instituted.

A cannula was placed in the right carotid artery, Next, the

sternum was removed without opening the pericardium but giving

exposure to the vensB cav®. Pmally, an upper abdominal incision

was made, permittmg approach to the portal vein.

A sample of arterial blood was obtained from the carotid.

Blood was withdrawn from both vense cav®, as it was thought that

the thoracic duct chyle, mmgling with the blood in the superior

vena cava, conceivably might cause a difference in cholesterol

content Finally, blood was taken from the portal vein. These
four samples of blood were taken as nearly simultaneously as

possible. Certainly not more than a minute elapsed between the
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time when the first and last specimens were secured. The total

cholesterol content of the whole blood, except as noted below, was
determmed by the method of Bloor, Pelkan, and Allfin (21).

Control Animals—^In the fihst group were four cats used as

controls. Food was withheld from these fl.niTinB.1e on the day pre-

vious to operation except for a small meat ball. Blood samples

were obtained as descnbed above. The results are shown in

Table I.

In an additional group of three eats similarly prepared, the

analyses were made upon the serum mstead of upon the whole

blood m view of the work of Bugnard (3, 19), who believed that

the difference between the cholesterol content of blood m the right

Table I

Cholesterol of Whole Blood and Serum {Mg, per 100 Cc )

Cat No

Whole Wood 1

Cat No

Serum

Supe-
rior
vena
cava

In-
ferior
vena
cava

Ca-
rotid
artery

Portal
vein

Supe-
rior
vena
cava

In-
fenor
vena
cava

Ca-
rotid
artery

Portal
vein

1 116 114 116 112 5 114 116 114 113

2 135 134 132 136 6 168 164 166 164

3 110 112 114 114 7 101 102 muim 104

4 132 131 129 1^
Average 128 127 128 127

Average . 123 123 123 121

and left hearts was due to a shift of lipid from cells to plasma, the

value for the whole blood remaining constant. The results are

given in Table I.

From Table I it is evident that the whole blood and serum

cholesterol values show no significant variation whether the sample

is taken before or after passage through the lungs or from the

portal vein.

Cholesterol-Fed Ammals—^We next endeavored to ascertain

whether a recent, heavy cholesterol feeding had any effect upon

the distribution of cholesterol in the blood in these four locations.

Accordmgly, four cats and two dogs were each given 6 to 12 hours

before operation a meat ball containing both lean meat and fat to

which cholesterol had been added. The cats received 2 gm. of
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cholesterol.^ The dogs were given 10 gm. Blood samples were

secured in the usual way. The results are shown in Table II.

It is apparent that here again the cholesterol values are strik-

ingly constant for an individual animal. Only two discrepancies

occur. The rather low value for the portal vein blood in Cat 8

can be explamed by a wet syringe. The sample from the inferior

vena cava in Cat 9 was partly clotted.

Table II

Whole Blood Cholesterol (Mg per 100 Cc)

Superior vena
cava

Inferior vena
cava

Carotid artery Portal vein

Cat 8 162 156 149

9 135 114 127 126

« 10 116 117 114 116

« 11 166 161 160 161

Dog 303 216 211 211 213
« 304 184 187 189

Table III

Whole Blood Cholesterol (Mg, per 100 Cc)

Cat No Days of KI Superior
vena cava

Inferior
vena cava

Carotid artery Portal vein

12 2 163 166 163 164

13 8 139 138 134 136

14 14 97 96 95 96

15 14 162 156 162 157

Iodized Animals Fed Cholesterol—^As a final step we sought to

determine whether iodization caused any disturbance m the distri-

1 The feeding of cholesterol in a meat ball may be objected to by some
on the ground that the cholesterol might be slowly and very incompletely
absorbed without the addition of more fat We were not interested in this

report in the degree of absorption That some absorption of cholesterol

takes place even m the absence of fat has been shown by Vers4 (22) and by
Knudson (23) It should also be pointed out that one of the present
authors found increases up to 1000 per cent in the blood cholesterol of

rabbits followmg the oral administration of pure cholesterol mixed with
grain, but without the addition of fat (24)
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bution of the blood cholesterol from various sites. Accordingly

potassium iodide was given to four cats. Each animal received

1 gm. a day for from 2 to 14 days. Cat 14 displayed definite

evidence of toxicity on this dosage, and it is of interest that its

blood cholesterol values are the lowest for the total series of fifteen

cats. The other three animals in the group were apparently not

disturbed by the iodide administered.

Cholesterol was given before operatioff as in the last group.

Blood samples were obtained as before. The results are shown
in Table III. It is apparent that agam no significant variation

in the blood cholesterol is present.

SITMMAEY

1. The level of the blood cholesterol m the carotid artery,

superior and inferior vensetjavae, and portal vein is the same for a

given animal. This is true whether whole blood or serum is used,

and whether or not cholesterol was administered before operation.

2. Specifically, no effect of passage through the lungs upon the

blood cholesterol was demonstrable.

3. Potassium iodide given in large doses for from 2 to 14 days

did not produce a variation in distribution of blood cholesterol m
the vessels from which samples were taken.
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STUDIES ON MYOGLOBIN

I. THE SOLITBILITY OF MYOGLOBIN IN CONCENTRATED
AMMONIUM SULFATE SOLUTIONS
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y
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(Received for publication, October 15, 1935)

The crystaUization by Theorell (8) of one of the hemoglobins

of muscle, horse heart myoglobin, has made possible the more
accurate study of this interesting protein, and opened the way
for the investigation of other members of the series. Previously

the question of the existence of a protein in the muscle resembling,

but nevertheless distinct from, blood hemoglobin was in doubt.

Theoreirs work seems to have proved quite definitely that there

is such a protein. The present report is the first of a projected

series of investigations of the myoglobins. That of the horse

heart was chosen because it is readily obtained and crystallized

as carboxymyoglobin.^ Moreover, the hemoglobin of the horse

has been repeatedly studied (2). This study of the solubility of

myoglobin has yielded conclusive evidence—supplementing that

of Theorell (9) on molecular weights, oxygen dissociation curves,

and absorption spectra—of the distinct nature of these two hem-

oglobins from the same species.

Investigations of solubility usually are carried out with the

object of characterizing the saturating body, perfecting methods

for its separation and purification, or determining its activity co-

efficients and thereby learning something of the physical proper-

ties of the molecule upon which these depend. The solubility

of horse myoglobin in concentrated phosphate and sulfate solu-

1 In tbe preliminary work for this study, attempts were made to prepare

the myoglobin from steer and pig heartsby the Theorell procedure. Inboth

instances no crystals were obtamed This indicates a species difference

among the myoglobins similar to that present among the blood hemoglobins.

667
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tions characterizes its behavior and facilitates its separation from

the iron-containing proteins of the blood which have higher molec-

ular weights and are more readily salted-out

Preparation—Preparations 2, 3, and 6 were made from fresh

horse hearts obtained through the kindness of the Massachusetts

State Antitoxin Laboratory at Forest Hills The animals were

bled to death under chloroform, the heart removed immediately,

and the coronary system perfused with about 6 liters of normal

saline solution. TheorelPs procedure (8) was then followed ex-

actly, except that litmus paper was used as a pH indicator and all

the dialyses were carried out through cellophane membranes

The procedure consists essentially of extraction of the finely

ground tissue with water, followed by precipitation with lead

acetate. The fiiltrate is then repeatedly dialyzed against solu-

tions of saturated ammonium sulfate. Characteristic fan-shaped

clusters of needle crystals appeared after the second dialysis

Preparations 7 and 8 were made similarly to Preparations 2, 3,

and 5. There was, however, one important modification. In the

first place an attempt had been made to study the solubility of

myoglobin in concentrated phosphate solutions. This failed be-

cause myoglobin appears to be extremely soluble in phosphate

buffers at pH 6.6, even when the concentration of phosphate is

as high as 3 m. As a result of this observation a simple method
is available for the almost quantitative separation of hemoglobin

and myoglobin A calculation based on the equation given by
Gieen (2) for the solubihty of horse carboxyhemoglobin in phos-

phate solutions shows that under these conditions only 9 X 10"^

gm. per hter, or 1 part in 1,000,000, of hemoglobin would be left

in solution In view of these facts, Preparations 7 and 8 were

made from horse hearts which had not been perfused and which

were at least a day old when the preparation began. They had
been preserved in the cold from the time of extirpation and were

washed thoroughly to remove as much blood as possible before

grinding and extraction Theorell uses phosphate to remove the

lead after the lead acetate precipitation in his procedure. Because

of the solubility relationships discussed above, after the lead ace-

tate precipitation the solution was brought to approximately pH
6 6 and a phosphate concentration of 3 m by adding the calculated

(3) quantities of primary and secondary potassium phosphate in
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the solid form After vigorous stirring the mixture was centri-

fuged and the clear supernatant liquid treated according to the

Theorell procedure from this point on. -

In all cases the crystals were purified by washing two or three

times with saturated ammonium sulfate solution made from the

c.p. salt. They were then dissolved in a minimal amount of

water and recrystallized by again dialyzing against a saturated

ammonium sulfate solution. The crystals were washed a few
times after each crystallization. In Preparations 7 and 8 recrys-

taUization was effected twice and the final washing carried out

with a solution of specially purified ammonium sulfate. This was
prepared by recrystallizing Baker^s c.p. Analyzed salt twice from

water solution by the gradual addition of absolute alcohol. The
alcohol was removed by careful drying in air on a Buchner funnel

and then in the oven at 110®. All ammonium suKate solutions

used were saturated and adjusted colorimetrically to pH 6.6 with

ammonium hydroxide.

SoluhiMy—^The solubility determinations were carried out by
the methods previously reported from this laboratory. On ac-

count of the small quantity of saturating body available, however,

no analyses could be carried out in duplicate. To overcome this

difficulty equilibrations were continued for at least 43 hours before

filtration and in some cases as long as 73 hours The scattering

of the points (Fig 1) is in part due to the impracticability of per-

forming duplicate analyses, but the large number of determina-

tions overcomes uncertainty regarding the salting-out range. As

many as six different points were obtained from a single myoglo-

bin preparation by adding a slightly more dilute ammonium sul-

fate solution to the saturating body after the filtration from the

previous point had been completed and repeating the equihbra-

tion for the next point Thus the equilibrium was approached

always from the side of resolution. The ammonium sulfate used

with Preparations 2, 3, and 5 was Baker's c p. Analyzed salt, the

solutions made from it being filtered before use. The twice re-

crystallized ammonium sulfate described above was used with

Preparations 7 and 8. All solutions were adjusted to pH 6.6

with ammonium hydroxide before being added to the saturating

body and the whole mixture was saturated with carbon monoxide

by bubbhng the gas through it for about 15 minutes.

THB JpUHNAJi OF BIOLOOIGAT^ CHBMIBTRT, VOIi 112, NO 2
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Aliquots of the filtrate were heat-coagulated, washed free from

ammonium sulfate by the method of Sorensen (7), and subse-

quently analyzed for nitrogen. The heat coagulation was carried

out by adding to each aliquot 20 cc of a 3.2 m phosphate buffer,

pH 6.6, 30 cc. of a saturated solution of recrystallized potassium

sulfate, and enough distilled water to bring the volume to about

100 cc. The potassium sulfate served to insure complete precipi-

tation of the myoglobin. The solution was heated on a boiling

Fig 1 A comparison of the solubilities of the carboxyhemoglobin and
carboxymyoglobin of the horse at pH 6 6 and 25® in ammonium sulfate

solutions Carboxyhemoglobin O (2) ;
carboxymyoglobin, Preparations 2,

3, and 5 O, Preparations 7 and 8 •

water bath for at least 30 minutes with frequent shaking and then

allowed to stand overnight. On the following day it was filtered

through Whatman No. 42 paper, repeatedly washed with large

volumes of boiling distilled water, and mtrogen analyses per-

formed by the Kjeldahl method on both the residue and on ali-

quots of the filtrate. The residue nitrogen was calculated as

myoglobin on the basis of the nitrogen content (16,65 per cent)

determined by Theorell ((9) p. 64) and the nitrogen of the filtrate

as ammonium sulfate
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The pH determinations were made with the quinhydrone elec-

trode on each filtrate from Preparations 7 and 8 immediately after

filtration. The presence of so much ammonium sulfate in the

solutions makes necessary a “salt correction,” the magnitude of

which for 25° we failed to find in the literature. A comparison

of the work of Linderstr0m-Lang (6) and the recent publication

of Hovorka and Dearing (5) indicates that the correction cannot

amount to more than 0 09 to 0.15 pH unit over the range of am-
monium sulfate concentrations employed Even after the maxi-

mum corrections have been applied, the resultant pH of every

solution m which it was determined hes between 6.25 and 6.75, a

range over which the solubility probably changes but little.

Density determinations were made actually only on solutions

from Preparations 7 and 8. Smce ammonium sulfate is the prm-

cipal constituent other than water m these solutions, density was

calculated as a linear function of ammonium sulfate molality and

the result applied m calculating the density of the solutions from

Preparations 2, 3, and 5 on the basis of their ammomum sulfate

content. The densities were used m calculating and the solu-

bility per 1000 gm of water.

The great difference between the solubilities of carboxyhemo-

globin and carboxymyoglobin is shown by Fig. 1. The impor-

tance of this difference in behavior as a basis for separation has

already been pointed out. It is proof of the non-identity of the

pigments. The lower molecular weight of myoglobin determined

by Theorell ((9) p. 46) is consistent with its greater solubility.

In solutions of high salt concentration, the solubilities of many
proteins can be described by the linear formula

log S (per 1000 gm. H2O) = j3 — JCsjn

or

log 8 (per liter) = /3' — Ks' (r/2)

where S is the solubility in gm., /3, j3', ifs, and Ks' are con-

stants, fi is the ionic strength per 1000 gm of H2O, and r/2

is the ionic strength per liter. These constants have been cal-

culated from the data for myoglobin by two methods and the

results serve to define the limits of error. The first method

consisted m the application to the data obtained from all five
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preparations of a formula^ for the most probable straight line

towards which a series of values tends. In the second

method, pomts obtained with Preparations 7 and 8, which fall

close to a straight line, were used to calculate the constants by
means of simultaneous equations. The points that deviate the

most from this straight line (Pig. 1) are those from the earlier

and less accurate experiments. In our opinion the best constants

are those derived from the last experiments, which were carried

out with the most carefully purified material and after the de-

tails of technique had been perfected.

Table I

Constants for Egg Albumin and Hemoglobin and Myoglobin of Horse

Per liter solution
Per 1000 gm

H*0

Ki* /5
1

K&

Horse carboxyhemoglobin . 8 09 0 71 2.80 0 57
“ carboxymyoglobin* 8 00 0 94t 6 12 0 57

Egg albumin 6 56 1.11 6 22 0 91

* These constants are deduced from the measurements on Preparations 7

and 8 . The statistical average of all results yields for jS and |S' 6.45 and 7.00,

and for Ks and JCs' 0 51 and 0 83, respectively.

t In a recent review (1) the preliminary work for this paper was referred

to and a tentative value of Ks given. The value given above is more nearly

correct, being based on more extensive and more careful experimental work

T'he constants definmg the behavior of horse myoglobin m con-

centrated salt solution are compared in Table I with those from

horse hemoglobin^ (2) and egg albumin (1). It is interesting to

* The formula used for the calculation of the most probable straight line

towards which a series of values tends is as follows, y = iSa; — Bxm + ym,
wherein =* {N'Zxy — Sa;S2/)/(JV‘Sa;®— (Sa;)*), H « the number of observations,

xm =* mean value of a;, and ym == mean value of y.

® The solubility of human hemoglobin (4) appears to be intermediate

between that of horse hemoglobin and myoglobin In a phosphate solution

of ionic strength 6, in which horse carboxymyoglobin is extremely soluble,

the solubility of both horse and human carboxyhemoglobin is not more than
0 001 gm. per liter. Although the solubilities of these blood hemoglobins
are nearly alike in so concentrated a phosphate buffer, their separation from
each other is almost quantitative at an ionic strength of about 4, owing to
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note that when the results are calculated on the basis of 1000 gm.
of H2O, Ks values for both hemoglobin and myoglobin are iden-

tical, although the values of jS are still very different. Egg al-

bumin has been .included in Table I because both its molecular

weight and volume are very close to those of myoglobin.

The author is greatly indebted to Professor E J. Cohn for his

invaluable interest and advice during the course of this research.

SUMMARY

1. The solubility in concentrated solutions of ammonium sul-

fate of carboxymyoglobin prepared from horse heart has been

investigated at pH 6.6 and 25°. It is adequately described by the

equation log S = 8.00 — 0.94 (r/2).

2. Horse heart carboxymyoglobin is quite soluble in buffer

solutions at pH 6.6 up to a phosphate concentration of at least

3 M, in which solution the solubility of horse carboxyhemoglobin

IS less than 1 part in 1,000,000. The great difference in solubility

demonstrates the great difference between these proteins, and

yields a method for their characterization and quantitative sepa-

ration.
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The fundamental investigations of Linderstr0m-Lang and Holter

in enzymatic histochemistry have provided means for investigatmg

the specific enzymatic metabolism of the cell. Cellular enzymes

are not uniformly distributed throughout a given organ but are

connected with a definite morphological structural element of the

tissue depending on the physiological function. The work of

Linderstr0m-Lang, Holter, and S0eborg~Ohlsen (1, 2) and the

recent work by Glick and Bisldnd (3) mdicate this relationship.

The present work correlates the argmase activity of rabbit kid-

ney with a definite morphological structural element of this organ.

Much attention has been given to this enzyme, particularly within

the last few years. The mechanism of argmase activity and its

participation in tumor metabolism, for example, have been widely

investigated by Edlbacher and coworkers (4, 5), Waldschmidt-

Leitz, McDonald, and coworkers (6), Klein and Ziese (7), Purr and

Weil (8), and Weil (9). The importance of this enzyme in urea

formation has been emphasized by Krebs and Henseleit (10).

In our histoenzymatic investigation the argmase activity was

measured by the method developed by Lmderstr0m-Lang, Weil,

and Holter (11) . Our results show that arginase activity is present

in the cortex only of the rabbit kidney and runs parallel with the

number of proximal convoluted tubule cells. No connection was

found between the argmase activity and any other type of cell.

The medullary portion of the kidney showed no arginase activity.

The possibility that the medulla may contam some substances

which inhibit the activity of this enzyme was excluded, since the

addition of inactive medullary tissue to cortical tissue did not

565
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inhibit the arginase activity of the latter. It is, therefore, evident

that the argmase of the rabbit kidney is specifically connected

with the cells of the proximal convoluted tubules.

Whether the enzyme is secreted by the cells of the proximal

convoluted tubules or is transported to themfrom some other source

cannot be answered at present Neither do we desire to express

an opinion as to the physiological function of this enzyme, until

the systematic investigations of other kidney enzymes, which we
have undertaken, expand our knowledge of the enzymatic metab-

olism of the kidney.

BXPEEIMBNTAL

In correlating the arginase activity of kidney tissue with the

histological structure it is necessary to select a species of animal

possessing a kidney of suitable size. If the kidney is too small,

like that of the rat, one encounters difficulty in the histological

portion of the work, while with a kidney too large in size difficulties

are encountered m the freezing-microtome technique. Rabbit

kidney was found to be of convement size. Male animals were

used in all of the experiments.

Immediately after killing the animals, by bleeding, the kidney

was removed and placed in a refrigerator (— 5°) until the tissue was

somewhat firm but not well frozen. This usually required from

1 to 2 hours. A longer time in the refrigerator is not advisable,

since considerable damage to the cells was observed after 2 hours

By use of a cork borer 2.5 mm. m diameterm a drill press a column

of tissue was cut from the kidney immediately after removal from

the refrigerator. The length of this column was usually too long

for the microtome technique, so it was cut into halves and each

portion studied separately. Each half of the column of tissue was

in turn placed on a rotary freezing-microtome table, a piece of

muscle tissue bemg used as a base. With a cold microtome knife

the necessary slices of tissue for the enzyme studies were cut. All

efforts to use the same tissue column for the histological portion

of the work as was used for the enzymatic investigation failed,

because the severe freezmg durmg the microtome technique mjured
the cell structure of the kidney too greatly, although it had no
effect on the argmase activity. For this reason we adopted the

procedure of Lmderstr0m-Lang, Holter, and S0eborg-Ohlsen (2)
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and used for our histological work the hollow cylinder of tissue

(about 9 mm. in diameter) immediately surroundmg the hole

from which the column had been removed for the enzyme estima-

tion. Preliminary studies had shown that the histological struc-

ture of the column used for the enzyme work was practically

identical with that of the outside cylmder of tissue. This identity

of the two portions is confirmed later by the relatively small

calculated error. After removal of the column of tissue for the

enzymatic study the outside cylmder was fixed in Zenker’s solution,

dehydrated, and embeddedm parafl&nby the customary procedure.

Histological Description

The adult mammalian kidney is composed of a capsule, the

renal tubules, lymph vessels, and blood vessels. The renal tubules,

originating with the renal corpuscles (glomeruli) and ending m the

ureter, are composed of the following successive parts: renal

corpuscle (glomerulus) with its capsule of Bowman, the proximal

convoluted tubule, descending and ascending lunbs of Henle’s

loops, distal convoluted tubule, and the coUectmg tubule, or

excretory duct. The histological portion of this study is the

problem of distinguishmg these tj^es of tubules from one another,

and makmg estimations of the relative occurrence of each type at

known locations in the tissue.

The embedded tissue was cut into sections 6 ju m thickness,

mounted on a slide, and stained with hematoxylin and eosin for the

microscopic examination.

Mici'oscopic Procedure

For the estimation of the amounts of the various types of tubules

and for making cellular counts, the stamed sections were placed in

a microprojector which was in the vertical position so that the

image was projected onto a paper placed on the supporting table.

With a suitable magnification the various kmds of tubules may be

recognized and cellular counts made. Four low power microscopic

fields (ocular 25 X, objective 2, 6 X, Leitz) of the same diameter

as the hole in the paraffin-embedded cylinder of tissue were selected

around the hole in the sections. In these fields the area occupied

by glomeruli and blood vessels (blood vessels largely m the me-

dulla) and lymph spaces were outlined on the projected image and
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their areas measured by means of a plariimeter. In each of the

low power fields mentioned above four oil immersion fields, making

a total of sixteen fields in each section, (ocular 8 X, objective HI
90 (1.26), Leitz) were selected for cellular counts (nuclear) of the

various types of tubules. In the cortex and medulla, cellular

coimts made in a particular paraffin section showed a relatively low

variation. This vanation, however, was greater in the boundary

zone between the cortex and the medulla but still sufficiently small

that a uniform curve of distribution could be obtained, as indicated

by the calculated errors.

A more detailed description of the method used by us m making

the cellular counts and the calculations of experimental errors is

given in the more extensive work of Linderstr0m-Lang, Holter,

and S0eborg-Ohlsen (2).

Shrinkage of the tissue by fixation and embedding must be taken

into consideration in order to enable one properly to compare the

curve of the enzyme distribution with that of the cellular distribu-

tion curves. By dividmg the length of the frozen column used for

enzyme work by the length of the outside paraffin-embedded

cylmder of tissue used for histological purposes a factor is obtained

which enables one to fit the two curves together. This shrinkage

factor with rabbit kidney by the described procedure was usually

about 1.17, and was used as described by Linderstr0m-Lang,

Holter, and S0eborg-Ohlsen (2).

Method ofDetermining Arginase Activity—^The method of Linder-

str0m-Lang, Weil, and Holter (11) with one shght modification was

used for the determmation of arginase activity. The use of a

buffer was found to be necessary in order to maintain the same
conditions in both the blank and the main determination. When
no buffer was used, the pH of the enzyme m the blank was about

7.0, while that of the main enzyme determination was 9.6. Since

self-digestion of the tissue was found to be dependent on the pH
of the mixture, bemg great at pH 7 and practically ml at pH 9 6,

a buffer was introduced. For each determmation 3 5 c.mm. of

0.1 M glycine-NaOH buffer at pH 9.5 were used.

Dependence of Arginase Activity upon Thickness of Microtome

Slice of Tissue—In order to investigate the possible dependence of

arginase activity upon the thickness of the microtome slice of

tissue, rabbit kidney was removed from the animal immediately
after death by bleeding, and prepared for the microtome technique
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as previously described. The column of tissue was cut through
the kidney from side to side by use of a cork borer 2 5 mm. in

diameter. Such a column of tissue contamed cortex on each end
with medulla in the middle portion. At certain pomts in the

column of tissue o, 25 jx section and, immediately adjoining, two
12.6 At sections were taken and the arginase activity determined in

its initial and its fully activated condition- In the case of the

initial activity, the microtome slice of tissue was placed in a micro-

reaction vessel into which 7 c mm. of distilled water had been
measured. After the addition of 3.5 c.mm. of 0 1 m glycme-NaOH
buffer at pH 9.5 and 7 c.mm. of 0 1 m arginme substrate at pH 9.5

the activity was measured by the usual method (11) , When meas-

uring the full activity of the enzyme, cysteine and ferrous sulfate

were used as an activator system (9). The cysteine solution used

was prepared by taking 20 mg. of cysteine hydrochloride,

neutralizing at pH 7, and diluting to a volume of 25 cc. The
ferrous sulfate solution was prepared by diluting 0 4 cc. of 0 1 n
ferrous sulfate solution to a total volume of 25 cc. From each of

these two solutions 3 6c mm. were taken for activation of the

enzyme. The use of a greater concentration of the activator

caused no increased activation of the enzyme. In measuring the

full activity of the enzyme the microtome shoe of tissue was placed

in the reaction vessel containing 3.5 c.mm. of the ferrous sulfate

solution previously described. After addition of 3.5 c.mm. of the

previously described cysteine solution the reaction mixture was

allowed to stand for 1 hour in order to obtain the maximum activa-

tion. After this period of activation 3.5 c.mm. of 0.1 m glycine-

NaOH buffer at pH 9.5 and 7 c.mm. of 0.1 m arginine substrate

at pH 9.5 were added The measurements were all made by

means of a micropipette (12). The blank determinations were

carried out in the same manner as the main determmation

except that the arginine substrate^ was placed as a drop on the

wall of the microreaction vessel. The incubation period was 2

^ It was found that arginine used as a substrate should contain 20 vol-

umes per cent of glycerol. With only an aqueous solution of argmine, it

was observed that, especially with the blank determination, the arginine

crystallized out of the drop on the wall of the reaction vessel. The addi-

tion of the acetone-alcohol mixture used in titrating the ornithine formed

(11) failed to dissolve the crystals of arginine, thus producing an error

The use of 20 volumes per cent of glycerol in the arginine solution avoids

entirely the crystal formation.
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hours at 37°. Axginase activity iu Fig. 1 is expressed in c.inin. of

0.05 N alkali. Fig. 1 shows that practically no difference in the

arginase activity is obtained by the use of one slice of tissue 25 m in

thickness or two slices 12,5 fx in thickness, proving that contact

between enzyme and substrate was complete.

Influence of Length of Extraction Period upon Arginase Activity

of Microtome Slice of Kidney Tissue—^In order to study the in-

fluence of the length of the extraction period on the arginase

activity, rabbit kidney tissue was prepared and the enzyme deter-

minations were carried out as previously described. At certain

Fig. 1. The dependence of arginase activity upon the thickness of the
microtome slice of tissue. On Curve 1 the circle indicates the full activity
of one 25 /t section, the cross full activity of two 12 5 ju sections; on Curve 2
the circle indicates the initial activity of one 26 ix section, the cross initial

activity of two 12 6 jx sections.

points in the column of tissue, two adjoining sections 15 /z in thick-

ness were taken. For initial activity, one of these sections was
allowed to stand in 7 c.mm. of distilled water for 1 hour and the
other section for 4 hours For measurmg the full activity one
section was placed in 3.5 c.mm, of ferrous sulfate solution and
allowed to stand for 1 hour. The other section treated in the same
manner was allowed to stand for 4 hours After this period of

extraction, the argmase activity was measured as previously
described, the mixture bemg mcubated for 3 hours at 37°, and
expressed in c.mm. of 0.05 n alkali. Fig. 2 shows that the pro-
longed extraction time had no effect on the arginase activity. The
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arginase was found to be dissolved only sli^tly and was appar-
ently connected with the tissue structure proper. Diffusion must,
therefore, have been complete; this seems very probable, since the
substrate has a low moleeular weight Similar observations were
made by Linderstr0m-Lang and Holter (1) on dipeptidase and by
Weil (13) on trypsin.

Mtcroumtsfor Arginase Activity—^It was necessary to establish a
microunit for argmase activity in order to enable us to TnaVp.

comparisons between ai^inase activity and cellular distribution

For this reason it was necessary to establish a relation between

Fig 2 Influence of the length of the extraction time on the arginase

activity of slices of kidney. On Curve 1 the circle indicates the full activity

after 1 hour’s extraction time, the cross full activity after 4 hours extrac-

tion time; on Curve 2 the circle indicates the initial activity after 1 hour's

extraction time, the cross the initial activity after 4 hours extraction time.

enzyme quantity and degree of sphtting of the substrate. Since

in all of our enzyme activity determinations, an incubation period

of 3 hours at 37° was used, the same conditions were selected m
establishing this relationship. Rabbit kidney was minced and

suspended in 5 parts of a 20 per cent glycerol-water solution.

After 24 hours extraction in this solution (bacterial infection was

avoided by adding a few drops of toluene), the suspension was

filtered. Increasing amounts of the kidney extract were used by
taking 2, 4, 6, 8, 10, 14, 16, 18, 20, and 24 cc. of the extract and

diluting to a volume of 26 cc. in each case. The final glycerol

concentration in each determination was 7 per cent. For each
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determination 7 c.mm, of prepared enzyme solution "were taken.

After the addition of 3.5 c.mm. of 0.1 m glycine-NaOH buffer at

pH 9.5 and 7 c.mm. of 0.1 m arginme substrate at pH 9.5 the

reaction mixture was incubated for 3 hours at 37° and the ornithine

formed estimated as previously described (Table I).

The microargmase unit selected was that quantity of enzyme

which under the experimental conditions was able to produce in

3 hours at 37° an equivalent of 1 c.mm of 0,05 n alkali, which

corresponds to the decomposition of 8.75 X 10“^ mg. of arginine

into ornithine and urea (Fig. 3).

Table I

Relation between Quantity of Enzyme and Degree of Arginine Splitting

Kidney extract (1 5) in 7 cmm Arginase activity, c mm 0 05 n alkali

c mm
0 66 1 72

1 20 2 96

1 68 3 98

2 24 4 86

2 80 5 50

3 36 6 14

3 92 6 70

4 48 7 15

5 04 7 56

6 60 8 20

6 72 8 70

Enzyme and Cellular Distrthution in Cortex and Medulla of

Rabbit Kidney—In order to ascertam the real connection between

the arginase activity and the various types of cells, it was necessary

to compare the curve of enzyme activity at various points m the

column of tissue through the kidney with the curves for the various

types of cells at corresponding points in the kidney tissue. As
described in the histological portion of this paper, the cells of

glomeruli, proximal convoluted tubules, descending and ascendmg

limbs of Henle’s loop, distal convoluted tubules, and the collecting

tubules must be taken into consideration. Fig 4 shows the argi-

nase activity distribution and cellular counts in the cortex (largely

glomeruli, proximal convoluted tubules, and distal convoluted

tubules). Fig. 5 shows the arginase activity distribution curve
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and cellular counts in the medulla (largely collectmg tubule cells,

and ascending and descendmg Henle’s loop tubule cells). The
enzyme activity is expressed in Figs. 4 and 5 m units for one

slice of tissue containing 73 mX investigated enzymatically The

Fig. 3. Arginase units

Fig 4. Enzyme and cellular distribution in the cortex of rabbit kidney.

Curve 1 shows the full activity of arginase, Curve 2 the initial activity of

arginase, Curve 3 cellular counts of proximal convoluted tubules, Curve 4

cellular counts of distal convoluted tubules, Curve 5 per cent area of

glomeruli tubules.

cellular counts were made as previously described, and calculated

for m\ (1 m\ = X c.mm.) of tissue. For each cellular count

* The data for the glomeruli in the cortex of the rabbit kidney are ex-

pressed in Fig 4 in per cent area, because of the difficulty of making cellular

counts in these structures. An arbitrary unit was used in making the

curve.
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made the calculated error (2) is indicated by a vertical line across

the curve. Fig. 4 shows that a parallelism exists between the

en2yme activity curve and the cellular counts for the proximal

convoluted tubules only. The possibility that the arginase

activity in the medulla is mhibited will be excluded by experi-

ments to be described later. For the measurement of the arginase

activity a 15 /i section of 2.5 mm, in diameter was used. After a

3 hour incubation period at 37® the initial and full activity was
measured as previously described. Fig. 4 shows the relation

between argmase activity and cells of the proximal convoluted

tubules, glomeruli, and distal convoluted tubules. A parallelism

exists between the enzyme activity and the cells of the proximal

convoluted tubules only. Fig. 5 shows that no relation exists

between argmase activity and the different types of tubule cells

in the medulla.

Figs. 6 and 7 show in two additional cases that the rabbit kidney

arginase activity parallels the cellular count of the proximal

convoluted tubules. The cellular counts were made as previously

described. The argmase activity is indicated m units per 73 m\
of tissue.

Influence of Medulla on Arginase Present in Cortex—^Figs. 1, 2,

and 4 to 7 mdicate that the medulla shows no argmase activity and
that the arginase activity is dependent on the cells of the proximal

convoluted tubules present in the cortex. The possibility that

the medulla might contam an inhibitor for arginase occurred to us.

However, as Table II shows, the addition of medullary substance

did not inhibit the arginase activity exhibited by cortical tissue.

These results were obtamed with sections 15 mm thickness from a

column of tissue 2.5 mm. in diameter. From a certain portion of

the tissue column two adjoinmg sections (which may be con-

sidered identical histologically) were taken from the cortex. The
arginase activity of one of these sections was measured alone, while

with the other section the same determination was made after the

addition of a similar section from the medulla. Three such
experiments on tissue from different portions of the cortex were

made. The results mdicate the full activity of the enzyme m each

case, the determinations being carried out as previously described

and expressed in c.mm. of 0.05 n alkali. The results shown m
Table II indicate that the medulla has no inhibiting action on the
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Fig 6. Enzyme and cellular distribution in tlie medulla of rabbit kidney.

Curve 1 shows the full activity of arginase, Curve 2 the initial activity of

arginase, Curve 3 cellular counts of ascending Henle’s loop tubules, Curved
cellular counts of descendmg Henle^s loop tubules, Curve 6 cellular counts

of collecting tubules

Fig. 6 . Enzyme and proximal convoluted tubule cell distribution in

rabbit kidney* Curve 1 shows the full activity of arginase. Curve 2 initial

activity of arginase, Curve 3 cellular counts of proximal convoluted tubules.
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arginase activity of the cortex and shows no arginase activity itself.

In order to be certain that the desamidase of the kidney (14) has

no effect upon the ornithine formed, eiqjenments with ornithine

and kidney tissue were carried out at pH 9.5. No increase or

decrease in the titration value for the ormthine was found.

Fig. 7 Enzyme and proximal convoluted tubule cell distribution in

rabbit kidney. Curve 1 ^ows the full activity of arginase, Curve 2 initial

activity of arginase, Curve 3 cellular counts of proximal convoluted tubules.

Table II

Influence of Medulla on Arginase Present in Cortex

The results are expressed in c mm. of 0 05 h alkali.

Experiment No
Arginase activity aliown by 15 n section

Cort^ Medulla Cortex-medulla

1 0 0 4 92

2 0 0 5 16

3 0 0 5 26

STTMMAEY

It has been shown that the mieroargmase method, as used in

these experiments, is suitable for histoenzymatic studies.

The arginase activity of the rabbitkidneyis specificallyconnected

with the cells of the proximal convoluted tubules.
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No correlation was found between the arginase activity and cells

of the other structural elements of the rabbit kidney.

The medulla of the rabbit kidney is entirely free of arginase

activity and does not contain any inhibitor of this enzyme.

Addendum—While this paper was in press, Klein and Ziese (15) reported

that manganous sulfate activates arginase. In view of this, the medulla

portion of the kidney, found inactive by our activation method, was re-

investigated with manganous sulfate as activator. These experiments,

however, showed no activation over a period of 24 hours, thereby con-

firming the previously found mactivity of the medulla of the kidney.
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THE ENZYMIC SYNTHESIS FROM THYROID DIIODO-
TYROSINE PEPTONE OF AN ARTIFICIAL PROTEIN

WHICH RELIEVES MYXEDEMA*
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University^ Boston)

(Received for publication, August 39, 1935)

This report describes the enzymic synthesis of an artificial pro-

tein which relieves clinical myxedema. The enzyme used was pep-

sin, applied under conditions suggested by Wasteneys and Bor-

sook (1, 2) which reverse its usual digestive effect, previously

reported, the starting material or substrate was the diiodotyrosine

peptone obtained by the peptic digestion of human thyroglobulin

(3, 4). This material has hitherto been considered to be calori-

genically inert. Coincident with peptone linkage, and associated

with the formation of larger molecules, the material has acquired

marked physiological potency. It is the purpose of this communi-

cation to describe the preparation and properties of the resultant

colloidal, iodine-containing substance.

Observations by Salter, Lerman, and Means (5) had indicated

that the total organic iodine, rather than the thyroxine content

of thyroid substance, was the better index of its ability to relieve

myxedema. These facts led to the paradoxical conclusion that

the so called ^hnactive”^ iodine fraction of thyroglobulin was m
reality calorigemcally potent so long as it existed as an integral

part of the thyroglobulin molecule. The “inactive'' dhodotyro-

sine fraction has constituted two-thirds to four-fifths of the total

* This work was made possible by grants from the International Can-

cer Research Foundation and the Ella Sachs Plotz Foundation.
1 The term “mactive iodine-containing fraction of thyroglobulin” indi-

cates the iodine-containing moiety of thyroglobulm which cannot be iso-

lated as thyroxine This “inactive” fraction is soluble in dilute acid (m
contrast to thyroxine and its derivatives), and yields crystalline diiodo-

tyrosine after careful intensive hydrolysis.
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organic iodine found in human material studied in Boston.^ It was

important, therefore, to learn whether this fraction could become

active under appropriate conditions.

Harington and Salter (6) found that after isoelectric precipita-

tion of such a digest to remove the thyroxme fraction the lodine-

contaming peptones which remained in solution contained no

thyroxine. This ^'acid-soluble^^ peptone, studied by Harington

and Randall (7), has already been shown by Lerman and Salter

(8) to be without effect in myxedema in a standard daily dosage

containing 0.5 mg. of iodine. Would the effectiveness reappear

provided the relatively inert peptone were recombined into an

artificial thyroglobulin of colloidal dimensions?

The work of Wasteneys and Borsook (1, 2) suggested a possible

procedure. These investigators obtained from Witters peptone

and from peptonized egg albumin artificial colloids which they

named “plasteins.^’ The theoretical rationale of their procedure

was peptic synthesis of peptones, according to the law of mass

action, by reversing the usual digestion reaction. The thermo-

dynamic considerations governing such a reversed process have

been treated at length by these authors. For the moment we are

concerned not with their mterpretation but with the observed

phenomenon. In the present mvestigation, treatment with pep-

sin has yielded an iodine-containing, non-dialyzable fraction which

relieves m3ocedema in human patients.

EXPERIMEirTAL

Ch^rmcal Procedure—^Two types of surgically excised human
goiter were used as sources of human diiodotyrosine peptone: the

primary hyperplastic gland of Graves' disease and the multiple

colloid adenomatous goiter often diagnosed as “toxic adenoma."^

Both types of material were treated similarly. After mincmg of

the tissue, the thyroglobulin was twice extracted with 0.02 n
NaOH, and repeatedly precipitated isoelectrically as described

elsewhere (6). The thyroglobulin was incubated for 72 hours at

37° and pH 1,5 with 0 2 per cent Merck's pepsin, then heated to

100° in 20 minutes, brought to pH 5 0, and the precipitate filtered

off after standing 8 hours.

2 For this material we are greatly indebted to Dr Tracy B Mallory of

the Massachusetts General Hospital and to Dr Shields Warren of the

Deaconess Hospital, Boston
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In a typical preparation, starting with thyxoglobulin from
glands of patients sufiFermg from exophthalmic goiter, after diges-

tion, coagulation, and isoelectric precipitation, 3900 cc. of diiodo-

tyrosine filtrate were removed, containing 109 mg. of iodine.

This was concentrated under reduced pressure at OO-TO® to a
brown syrup, containing 105 mg. of iodine in a volume of 260 cc.

For the synthesis of the plastein, 150 cc. of the acid-soluble pep-

tone (at pH 5.0) were used, containing 63 mg. of iodme. To this

amount were added 4 cc. of concentrated hydrochloric acid (with

rapid shaking) to make the pH 3 9. Then, 30 cc. of a 10 per cent

aqueous solution of Merck’s granular pepsin were added, and
stirred into the solution, which remained clear. The hquid was

Table I

Experiments with Pepsin and Ultraflltered Peptone

The total volume in each experiment ~ 6 cc. of peptone solution contain-

ing 320 mg of nitrogen and 2.0 mg of iodine.

Enzyme preparation

Concen-
tration

of
enzyme

Total
enzyme
used

Total N
ofsyn-

1 th^io
1

product

Total I
of syn-
thetic
product

Nlof
product

Weight

product*

I^oduct
formed

1
per mg
enzyme

Merck’s u s r. pep-

sin

Northrop’s crystal-

line pepsin

mg per
cc

16 7

0 33

0 13

0 08

0 03

mg

100 0

2 0

0 8
0 5

1

0 2

mg

31 2

24 0

26 4
22 2

14 2

mg

0 47

0 30

0 33

0 35

0 20

mg

231

178

196

164

105

mg*

2

89

244

828

625

* Estimated fiom nitrogen

then heated to 60® in a water bath Within a few minutes it

became turbid. After 45 minutes at 60® there was a considerable

precipitate present

At this temperature, over the course of the next 30 minutes, 16

cc. of approximately 2.5 N NaOH were added to change the pH to

5.5. 100 cc. of additional water were then added, and the rapidly

flocculating material was at once centrifuged down at 2000 r.p.m.

for 20 mmutes. After the supernatant liquor had been decanted,

the precipitate was shaken up with 200 cc. of water and again

centrifuged down. Two further such washings were given. The

washed precipitate was finally suspended in water to a volume of

210 cc. It contained 18 mg. of iodine, t.e. 29 per cent of the
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original iodine. A few drops of toluene were added to the bottle

before stoppering, and the material was kept iced for several

weeks before being tested for biological potency

Rdle of Pepsin—^Experiments were conducted to exclude the

possibility that the colloidal pepsm used contributed materially to

the product. As seen in Table I, the highest yield was obtained

with an excess of pepsin. Nevertheless, by using crystalline

pepsin, kindly donated by Dr. John H. Northrop, it was possible

to show that very small concentrations of enzyme exhibited sig-

nificant effectiveness. The ratio of enzyme to product (m terms

of mass) could be reduced below the analytical error.

Climcal Assay—^Climcal tests were made upon untreated myx-
edema patients according to the method described by Salter, Ler-

man, and Means (6). The daily dose of material was equivalent

to 0 5 mg. of iodine Both the original ineffective diiodotyrosine

concentrate (before treatment with pepsin) and the artificial pro-

tem resultmg from treatment of this (identical) concentrate were

tested. The results are described elsewhere (4). In brief, the

inactive lodine-containmg substance from thyroid had become

active m standard dosage during the synthesis of the plastein.

Properties of Artificial Protein Made from Diiodotyrosine Peptone

Concentrate

General Properties—The artificial protein shows several proper-

ties characteristic of the behavior of proteins As judged by mini-

mal solubility, it shows a sharp isoelectric pomt around pH 5.5.

It gives the biuret reaction It is precipitated by trichloroacetic

acid m a concentration of 2 per cent. It is coagulable by heat;

and the coagulum, although very insoluble in dilute hydrochloric

acid alone, is readily digested on the addition of pepsin at pH 1.5.

The artificial protein denatures very readilym 0 1 m NaCl solution

or even on standing at the isoelectric point with a trace of salt

present. When freshly prepared, it is definitely soluble in urea

solutions, but not in solutions of sodium chloride, in which it

apparently undergoes denaturation at once. It immediately

dissolves when sodium hydroxide is added to the isoelectric sus-

pension to a concentration of 0 004 n If excess of electrolyte

be avoided, the alkaline solution can be quickly changed (with

dilute hydrochloric acid) to an acid solution without precipitation.
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Addition to the acid solution of an equal volume of saturated

aqueous sodium chloride salts-out the artificial protein, in accord-

ance with the phenomenon describedby Osborne and Campbell (9).

Dialysis—In order to test qualitatively the relative molecular

size of the protein preparation with respect to that of the peptone,

each was dialyzed in cellophane tubes (No. 300, plain) agamst a
20-fold volume of liquid which was kept agitated with bubbling

air.5

The initial iodine concentration in all cases was 2 mg, of iodme

per cent. The protein was dialyzed agamst 0.004 n sodium hy-

droxide, which kept the material dissolved. The peptone concen-

trate, at pH 6.0, was dialyzed agamst distilled water. Dialysis

was continued for 4 to 13 days at 4^ The outer liquid was re-

newed daily in the case of the peptone.

The (outer) dialysate from the peptone gave a strong biuret

reaction after 3 hours, and this positive reaction continued for

some 5 days, despite daily renewal of the dialyzing fluid. The
protein, on the other hand, never showed a clearly positive biuret

reaction in the dialysate after the 1st day. After 4 to 13 days, the

dialysis was interrupted, and the contents of the membrane were

removed and analyzed for iodine and for nitrogen.

The results are summarized in Table II They show that most

of the artificial protein failed to penetrate the cellophane, whereas

most of the peptone did pass through the membrane. These

data offer good ground for supposmg that the mean size of the

protein molecule is definitely greater than that of the original

peptone.

Composition—The nitrogen and iodine contents of several

preparations arc presented in Table HI. The iodine and nitrogen

were detennined in aliquots of a suspension of material, and these

figures were referred to the nitrogen content of artificial protein

dried for 1 hour in a hot air oven at 100®. The data mdicate that

the artificial protems varied in composition, and suggest that the

nature of the peptone concentrate from which each was made was

an important determinmg factor in the nature of the product. It

is mteresting that the composition is not very unlike that of

natural thyroglobulm.

® These tests were carried out in the Department of Physical Chemistry,

Harvard Medical School, with the technical help of Mrs Ethel S Newman
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It is particularly striking, however, that in the process of peptic

synthesis a greater content of iodine might result (with reference

to nitrogen) in the artificial protein than was found in the original

peptone. This point is illustrated in Table III, which shows a

considerable difference in the respective ratios of iodme to nitrogen

in some instances. Preparation Il-a was exceptional in this respect.

A further stnkmg fajct is presented in the analyses of the starting

materials and of the products of peptic synthesis for their respec-

tive thyroxine contents. This is also illustrated by Table III.

Table II

Dialysis of Artificial Protein and of Peptone from Which It Was Made

The initial concentration of iodine « 2 mg per cent Peptone dialyzed

against water; artificial protein against 0 004 n NaOH.

Preparation No Matenal dialyzed
Duration of

dialysis

Kesult of dialysis*

Total N not
diffusible

Total I not
diffusible

days per cent per cent

I. MCAGt Peptone 5 15

Artificial protein 4 88 82

Il-a
“ Peptone 8 17 15

11 22 14

Artificial protein 8 67 82

IIL EXGt Peptone 13 10 10

Artificial protein 10 69 63

VI. “ Peptone 11 17 17

Artificial protein 11 80 85

* Cellophane (plain No 300) membrane used.

t Initial thyroglobulin obtained from multiple colloid adenomatous
goiter.

t Initial thyroglobulin obtained from exophthalmic goiter.

As was to be expected from the relative ineffectiveness of the di-

iodotyrosine peptone in treatmg myxedema, the thyroxme content

of the peptone was essentially nil within the experimental error

of the analytical procedure. It was rather surprismg, however,

to find that the plastein, as judged by the best analytical proce-

dures now available (10, 11), contamed considerable moiety of

“thyroxme iodine.^' Furthermore, after alkalme hydrolysis, this

thyroxine-hlce, acid-soluble fraction relieved m3rxedema. The
“thyroxine moiety’^ was about the size of that found in the natural
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Table III

Co7njios\Vion of Peptone and of Artificial Protein

*3 S'g
§

§ w S
1

Preparation No, Material analyzed si
II if

'I'd

o

III

Apparent thy-
roxine content

a

n3M

|2!
1

iz; O

per
eerU

per
cent

per cent total I
per
cent

I. MCAGt Peptone 14 3 113 0 11

Artificial pro- 12 8 46 7 0 30 2 5 52 (Hariugton 32

tein and Bandall)

36 (Blau)

Il-a
“ Peptone ,13 2 127 0.09 4 (Harington

and Kandall)

7 (Blau)

Artificial pro- 11 8 79 3 0 15 1 6 38 (Harington 16

tein and Ran-
dall)t

III. EXG§ Peptone 15 2 142 0 08 3 (Harington

1

and Randall)

Aitificial pro- 11 8 61 7 p 23 2 8 30 (Harington 29

tein and Ran-
dall)!

Dialyzed ar- 12 7 52 8 0 24 2 7

tificial pro-

tein

IV. " Peptone 14 6 137 0 11

Crystalline 157|i 0 0911 5 (Harington

pepsin
!

Artificial pro- 13 5 63 1

1

0 21 2 2

and Ran-
dall)!

17

tein 2 611

V MCAGt Peptone 13.411 12611 0 1111 1 (Harington

Crystalline and Ran-

pepsin

Artificial pro- 12 9 74 3 0 17 1 7

dall)!

13 (Harmgton 16

tein and Randall)!

* Corrected for ash

t Initial thyroglobulin obtained from multiple colloid adenomatous

goiter.

1 8 hours hydrolysis in boiling 2 N NaOH,
§ Initial thyroglobulin obtained from exophthalmic goiter.

II
After filtering through the cellophane membrane.
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Table 111—Concluded

Preparation No Material analyzed SI
§1

I
(in

terms

of

mass)

dculated

I
in

dried

material

elative

concen-

tration

of

I
re-

ferred

to

N
Apparent thy-
roxine content

leld

in

terms

of

1

Jz;
!

^

per
cent

per cent total I
per
cent

VI. EXG§ Peptone 13 6 95 7 0 14 0 (Harington

Crystalline and Ean-
pepsin dall)t

6 (Blau)

Artificial pro- 12 7 56 6 0 22 1 7 29 (Harington 17

tein and Ran-
dall)!

24 (Blau)

Dialyzed ar- 12 7 49 8 0 25 1 9

tificial pro-

tein

human thyroglobulin used in these experiments. Experiments

now in progress to isolate thyroxine have not as yet yielded crystal-

Ime material, although the general behavior of this fraction re-

sembles crude thyroxine in process of isolation. The effect of

alkaline hydrolysis reported by Abehn (12) is of interest in this

respect.

Yield—^As appears in Table III, the efficiency of plastein S3ni-

thesis, in terms of the iodine recovered, variedm different prepara-

tions This variation appeared to be due m part to variation m
the composition of different peptone concentrates, because dupli-

cate preparations from the same concentrate gave identical yields,

however different these might be from results with other concen-

trates. The yield also depended upon the concentration of enzyme
used. In general, the recovery of one-third of the iodine was the

maximal yield to be expected.

After recovering approximately 30 per cent of the total peptone

lodme in the form of artificial protein, an attempt was made to

mcrease the total recovery by repeating the peptic synthesis upon
the residue of diiodotyrosme peptone. To this end, the unchanged
peptone was saved after removal of the new formed protem. The
solution was then concentrated until its iodme composition corre-
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sponded to the original concentration. Peptic synthesis was then
repeated. The result was disappointing. To be sure, some
(additional) new protein was formed, but it contained only about

5 per cent of the iodine taken.

DisocrssiON

It IS the purpose of this paper merely to describe the productiW
of an active hormone resembling natural thyro^obulin from the

large moiety of thyroid iodine which has hitherto been discarded

as inert (6) m the purification of thyroxme. The clinical assays

on myxedema patients, reported elsewhere (4), leave no doubt

that the artificial protein is calorigemcaUy potent in standard

dosage.'* This activity, therefore, lends additional weight to the

view advanced by Means, Lerman, and Salter (14) that the thy-

roxme iodine, alone, as determined by present methods, is not the

best index of the calongenic activity of thyroid products, because

the active artificial protein, here described, arises from the non-

thsoroxme fraction of thyroglobulin.

It is not yet clear how ingested thyroid acts effectively with all

its diiodotyrosine fraction in myxedema, whereas diiodotyrosine

uncombined with protem is relatively useless when fed alone.

The relationship between the peptones of thyroxine and of di-

iodotyrosine must be studied further to explain the high activity

of their combmation (16). In this connection we propose to con-

sider the possibihty that proteases in tissues may synthesize hor-

mones from the end-products of gastrointestinal proteolysis.

Meanwhile, in view of the idea currently held that only the thy-

roxme iodine m thyroglobulm can be potent (16), it seemed im-

portant to present evidence to the contrary. The constitution of

the artificial protein is bemg studied further in this laboratory and

will be the subject of a subsequent commumcation (17). For

clarity’s sake, however, the authors’ interpretation of the facts

now at hand is summarized here.

The authors accept the hypothesis of Harington and Barger (18)

that duodotyxosine is the natural starting material for the 8301-

* The authors are particularly impressed by the pharmacological varia-

tions imposed by species differences (13), aiyi wish to emphasise the fact

that the present work is based upon human responses to material of human
origin
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thesis of thyroxine by the gland. The authors beheve that the

present communication indicates that the acid-soluble moiety of

thyroid iodine is in fact convertible mto an active hormone.

Evidence will be presented elsewhere (19) that an activation of

this moiety may occur mvo. Experiments now in progress point

to a naturally occurring protease in the thyroid cells as a possible

means by which this might be accomplished. Proteases are

known, indeed, to exist in many tissues (20), and Hedm (21) has

actually studied the synthetic activity of a protease extracted

from the spleen. Indeed, Scott’s (22) unsuccessful attempt to

renew the activity of digested insulin was based on similar rea-

soning.

A cogent question is the actual chemical constitution of the

newly activated organic iodine. Two intensive hydrolyses of the

artificial protein have failed to 3nield crystallme thyroxine. Never-

theless, the partition of iodine in the successive chemical steps

of the procedure follows closely that described by Harington ten

years ago for the isolation of thyroxme from natural thyro-

globulm. One fraction of the acid-msoluble material so obtained

contamed approximately 10 per cent of iodme and 6 per cent of

nitrogen. By contrast, the hydrolysis of the mitial acid-soluble

peptone has yielded a neghgible amount of organic iodine insoluble

in dilute aqueous acid. In short, the technical complexity of the

isolation procedure prevents, at present, any conclusion further

than that the physical properties of the organic iodine change

after peptic synthesis. This fact, together with the biologic

potency of the acid-insoluble fraction, is interpreted as meaning

progress in the enzymic synthesis of thyroxine from diiodoty-

rosme. Whether the authors have actually produced thyroxme or

merely a closely related mtermediate substance is as yet not clear.

SXTMMABY

Thyroglobulm from human thyroids was subjected to peptic

digestion and, after removal of thyroxine, a solution of diiodoty-

rosine peptone was obtained which was calongenically inert in

standard dosage. After concentratmg the peptone, it was sub-

jected to a peptic synthesis which reversed the origmal digestion

process. The artificial protein so prepared was an iodine-con-

taining substance of large molecular size, with chemical properties
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somewhat resembling the natural 'jthyroid protein It was found
chnically to relieve myxedema as effectively as thyroglobulm in

equivalent iodine dosage. As judged by modem analytical

methods, it contained an appreciable iodine fraction resembling

thyroxine. These results suggest the followmg conclusions.

The i^inactive'' diiodotyrosine-contaming fraction of peptone

produced by pepsin digestion of thyroglobulm is a potential source

of active hormone. From this peptone an artificial protem can

be obtained by protease synthesis (‘'ese’^ action) which reverses

the better known proteolytic phenomenon (digestion). The arti-

ficial protein resembles natural th3rroglobulm in its chemical and
biological properties.
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LIPID COMPOSITION AND PHYSIOLOGICAL ACTIVITY
IN THE OVARIES OF PREGNANT GUINEA PIGS

By ELDON M BOYD
{From the Department of Obstetrics and Gynecology, The University of
Rochester School of Medicine and Dentistry, Rochester, New York)

(Received for publication, September 25, 1935)

In a previous communication (1) the lipid content of the ovary

has been shown to vary with the duration of pregnancy in rabbits.

In the present mvestigation the ovary of the gumea pig has been

selected for a similar study. It is generally agreed that double

oophorectomy performed on gravid rabbits results in abortion but

does not cause abortion if done after the middle of pregnancy or

even before in pregnant guinea pigs (2-7). In other words, the

ovary or corpus luteum evidently assumes a r61e essential to the

mamtenance of pregnancy in rabbits, and this has been previously

correlated with changes in lipid composition (1) . If lipid composi-

tion IS related to physiological activity, then one would expect to

find no significant changes in the lipid content of the ovary during

pregnancy in guinea pigs, in which the ovary apparently plays a

passive part during most of the condition. This has been herein

investigated by followmg the content of phospholipid and free

cholesterol, the two lipids which have been foundm previous work

to increase in value with increase in physiological activity.

Method

The sexual season of gumea pigs (Cavia porcellus) appears to be

ill defined, especially in the domesticated variety. According to

Marshall (8), the female becomes pregnant more readily in the

summer than m the winter. It has been noted in this laboratory

that matings were more successful at two periods of the year, one

in the sprmg from April to July, and one in the autumn from

September to January. The animals were kept the year round

under conditions as nearly constant as possible. A group of about

thirty young, virgm, female gumea pigs served for the investigation

.

691
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The females were isolated and examined vaginally each day to

ascertain the onset of estrus. The guinea pig is a polyestrous

animal having a diestrous cycle about every 16 days. During

proestrus the vagina becomes filled with mucus and debris from

degenerative desquamation of the uteruie and vagmal mucosa (8).

Coincident with the onset of estrus, the vagina opens and remains

so for a period of about 3 days. Ovulation occurs at this time; the

female is receptive to the male and capable of bemg fertilized.

When estrus was found to have set in, the doe was isolated and

mated with a healthy buck for 3 days. 2 weeks later vagmal

examinations were made and if estrus reappeared the mating was

considered unfruitful and the animal returned to the original

colony. By the 20th day it was usually possible to determine by
palpation the presence of a fetus.

The duration of pregnancy was calculated from the middle of

the 3 days durmg which the animals had been mated. Pregnancy

in this species lasts about 62 days and the young are relatively well

developed at birth; they are able to feed themselves and are not

dependent upon the mother’s milk. The duration varies some-

what with the rate of recurrences.

A double oophorectomy was performed at various stages in the

different animals. In order to obtain values before the 20th day,

the abdomen was opened in a group of eleven animals which had
been mated 15 days previously. Of these only one was found to

be pregnant; this gives some idea of the incidence of successful

matings. Ovaries from the remaining ten served as non-pregnant

controls.

The ovaries of the gravid animals were similar in appearance to

those of non-pregnant guinea pigs. No corpora lutea were visible.

The corpora lutea are imbedded in the stroma of the ovary (7).

Occasionally cysts were seen but these were as often in the non-

pregnant as in the pregnant animals There was no consistent

change in the weight of the ovaries. At all stages the ovaries ap-

peared as small, round or oval, sohd, relatively tough, grayish

white bodies. They did not macerate when ground with sand as

readily as did the ovaries of rabbits (1).

After removal, the ovaries were stepped of adnexal tissue,

weighed, cut into fine pieces, and ground with sand in a small

mortar. The lipids were extracted with alcohol-ether and the
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extracts analyzed by tbe author’s modification of Bloor’s oxidative

micromethods in the same manner as were the ovaries of rab-

bits (1).

Results

The results have been plotted collectively in Fig. 1. Values in

the left-hand section of this figure represent the controls and have

been spaced so as to give some idea of the variations encountered.
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Fig. 1 The phospholipid (upper solid line), free cholesterol (middle

interrupted line), and weight (lower dotted line) of ovaries during preg-

nancy in guinea pigs The ordinates for phospholipid and free cholesterol

are in terms of mg per 100 gm of ovary
j
the ordinate for weight is in mg

In these the phospholipid content varied between 818 and 1870 mg.

per cent, with a mean of about 1250 mg. per cent. The average

value for free cholesterol was about 300 mg per cent, the range

extending from 211 to 364 mg, per cent. Most of the ovaries

weighed m pairs about 100 mg.
;
the lowest value was 77 mg. and

one exceptionally high value, 250 mg., was encountered. This

latter pair of ovaries had the lowest phospholipid and free choles-

terol content.

Durmg pregnancy the lipid content of the ovaries varied some-
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what from one animal to another but no trends either up or down
could be distinguished. Thus, at mid-pregnancy phospholipid

varied between 810 and 1902 mg per cent but the mean was about

the same as in the controls. Towards term the variation was

somewhat greater, between 705 and 1996 mg. per cent, but again

there was no change in the average. Values in between varied

similarly. On the whole, it is obvious that a straight line at the

level of the average of the controls fits best the several points. It

may be concluded that no significant change occurred in the phos-

pholipid content and that the ovary during pregnancy contamed

much the same percentage as that of the controls. It will be

recalled that the controls were from animals which had been m
estrus 2 weeks previously. Hence the controls were from animals

at about the proestrous period, when the corpus luteum probably

has become quiescent and a new corpus has not yet formed. The
ovary durmg pregnancy therefore possessed the same amount of

phospholipid as the ovary during the proestrous stage.

The results with free cholesterol were of a similar nature. To-

ward the mid-point of gestation values between 210 and 398 mg.

per cent were obtained, with an average around 300 mg. per cent

which was the mean of the controls. Near term the percentage

ranged from 140 to 385 mg. per cent and again there was no change

in the average. Hence a straight hne, parallel to that of phos-

phohpid, was best adapted to the various points as plotted in

Fig. 1, It may be concluded that free cholesterol does not change

in value durmg pregnancym gumea pig ovaries, the value being the

same as that at proestrus.

The changes in ovarian hpids herein found were thus in marked
contrast to those recorded in rabbits (1) in which phospholipid

and free cholesterol rose m the first half and fell m the second

half of gestation. Since the ovary plays a passive part during

the greater part of pregnancy in guinea pigs, an increase in phos-

phohpid and free cholesterol would not be expected if these hpids

are related to physiological activity. This was precisely the result

herein obtamed, which may be taken as additional evidence in

favor of this general hypothesis.

SUMMARY

Ovaries were removed from twenty-four gumea pigs at various

stages during gestation and analyzed for their phospholipid and
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free cholesterol content by oxidative micromethods. The phos-

pholipid content of non-pregnant controls at the proestrous stage

averaged 1250 mg. per cent. There was no significant variation

during pregnancy, the average being the same as in the controls.

Similarly at proestrus the ovary contained a mean of about 300

mg. per cent of free cholesterol. Agam there was no significant

variation during pregnancy and the mean values were of the same
order as those at proestrus. The results were correlated with the

fact that guinea pigs may be castrated in the latter half or two-

thirds of pregnancy without abortion ensuing and taken to mdicate

that no increase in physiological activity occurs in the ovaries of

gravid gumea pigs.
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THE BIOLOGICAL ACTIVITY OF THEELOL

Bt ROLAND K. MEYER, LLOYD 0. MILLER, and GEORGE F.
CARTLAND

{From the Research Laboratories^ The Upjohn Company^ Kalamazoo)

(Received fox publication, September 11, 1935)

In 1930 Marrian (1) reported the isolation and the chemical

and biological activity of an estrogenic substance obtained from
human pregnancy urine. He found this substance had chemical

and biological characteristics dijSfering from theelin which had
been isolated and characterized by Veler, Thayer, and Doisy (2)

and Butenandt (3). Marrian called this new substance tnhy-

droxyestrin.^ Later Doisy and Thayer (4) and Butenandt and
Hildebrandt (5) also isolated theelol from human pregnancy urine,

and the close agreement between the physical and chemical prop-

erties of the theelol preparations is presumptive evidence that

those isolated in the various laboratories were identical. This

statement is also applicable to the crystalline substance isolated

from the ether-soluble fraction of human placenta by Colhp and

his coworkers (6).

However, as one reviews the work which has been published

concerning the biological activity of theelol, it is apparent that

there is great discrepancy among the reports of the various

workers. Thus Curtis and Doisy (7) state that the biological

activity of theelol is one-half that of theelin, ie, 1,600,000 rat

units per mg. Marrian and Cohen (8) also report an activity of

the same order. However, Butenandt and Stormer (9) have found

the biological activity of theelol to be approximately one-hun-

dredth that of theelin. Butenandt and Browne (10) assayed a

preparation of theelol (Doisy) and reported an activity of about

50 mouse units per mg., which agreed with a parallel assay on

their own preparation which they call FolUkel Hormonhydrat.

1 Doisy designates the same substance as theelol and Butenandt as

Folhkel Hormonhydrat

697
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In assaying the urine which, we were using as the source of

theelol we found that it contained relatively small amounts of

estrogenic activity. Therefore, we did not expect to obtain a

good yield of theelol from this urine, since Doisy and Thayer

(4) have stated that approximately 80 per cent of the estro-

genic activ'lty of human pregnancy urine can be accounted for

as theelol on the basis of yields of crystalline material. How-
ever, we were surprised to find that we obtained relatively good

3rields of a crystaUine substance having the chemical and physical

properties of theelol but very much less active biologically than

theelin, and also less active than reported by Doisy for theelol.

A specific example is afforded by the following experiment, A
butanol extract from 110 gallons of human pregnancy urine as-

sayed biologically as contaimng 125,000 rat units. From this

butanol extract we were able to isolate a theelin fraction which

contained approximately 75 per cent of the original biological

activity, or 94,000 rat units. In addition, vre obtained a total of

682 mg. of crystalline theelol which, when we assayed it, was not

equivalent to more than a total of 50,000 rat units. This crys-

talline theelol was obtained as three fractions; the first two frac-

tions, which comprised 90 per cent of the total, melted at 274--

275® and 271-273® (uncorrected). Wltei = +75.2® in ethanol.

The third fraction was not as pure and melted at 265-268® (un-

corrected).

Thus we satisfactorily accounted for the biological activity of

the original butanol extract. However, on the basis of the report

of Doisy and Thayer (4) and Marrian (1) we should have had
the equivalent of 1,200,000 rat units in the original butanol ex-

tract on the basis that 682 mg of crystalline theelol should have

possessed an activity of approximately 1,120,000 rat units,

as contrasted with a found biological potency of 50,000 rat units.

These facts, together with the importance of knowing whether

the biological activity of theelol is one-half or one-hundredth that

of theehn, made it of interest to investigate further the activity

of theelol.

Matenah and Methods

Late pregnancy urine was acidified to Congo red and then ex-

tracted at room temperature with butanol. The theelol was then
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prepared from these butanol extracts by the method of Doisy
and Thayer (4) and that of Butenandt and HUdebrandt (11).

These methods both yielded similar crystalhne compounds; in

Table I we have recorded the physical, chemical, and biolog-

ical characteristics of three lots of theelol prepared by the two
methods.

2 gm. of Theelol 76-LCM-2 (m.p. 275—276“ uncorrected;

[«]546i == +71“ in ethanol), which had been recrystallized three

Table I

Biological Activity of Theelol and International Standard Theelin

Bioaasay

No. of M p
(uncor-

Mature spayed

Preparation
Method of
preparation

times
rocrya-
tallized

r«rL inst

rat Imma-
rected)

rat

•

Oil Aoue-
ous*

Aque-
ous*

1

i

“cr degrees

rat
umts
per
mg

rat

1

umte
rat

umts
per mg per mg

Theelol 131-GFC- Doisy and 3 276-277 +70 11 1 6 5

15 ! Thayer
Theelol 76*LCM- > Butenandt 3 275-276 +71 10 5 4000

3 and Hilde-

brandt

Theelol 128-GFC-' te 10 275-276 +72 5

16

Theelm, interna- ! 252-253 909 1250 1000

tional stand-

ard

* Aqueous 10 per cent alcohol containing 0.5 per cent sodium carbonate.

tunes, were recrystallized seven additional times, with the follow-

ing solvents used in the order named: ethanol, acetone, ethyl

acetate, ethanol, methanol, ethanol, ethanol This procedure

yielded 116 mg. of Theelol 128-QFC-15, having the properties

described in Table I

The biological activity of theelol was determined by the vaginal

smear method based on that described byKahnt and Doisy (12).

This method makes use of the castrated adult rat which has been

primed with an estrogemc substance 1 week pnor to its use. The
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unit IS determined on the basis of the production of a full squa-

mous or predommantly squamous and epithelial vaginal smear in

75 per cent of animals. The injections are made in three equal

amounts in 8 hours. We have taken as our unit the amount of

hormone required to produce fhis type of smear in 50 per cent of

the animals. We have not classified as negative those animals

having smears which contain a very few leucocytes in addition

to the squamous and epithehaJ. elements.

In addition to the above method we have used that described

by Curtis and Doisy (7). In this method the intact immature

female rat is employed and a unit is determined on the basis of

the amount of hormone required to produce canalization of the

vagina in 60 per cent of the animals within a period of 10 days of

the first injection. The hormone is injected twice daily for 3

days Bats 18 or 19 days old were used by Curtis and Doisy,

but in our study we have used animals 19 to 21 days of age.

In both of the methods used in our investigation the estrogenic

substances assayed have been administered both in corn oil and
in aqueous 10 per cent alcohol containing 0.5 per cent sodium

carbonate.

We have experienced considerable variation in the same group

of animals as regards their sensitivity to theehn and theelol. This

IS in agreement with the experience of Curtis, MacCorquodale,

Thayer, and Doisy (13). For this reason we have made all but

preliminary assays of theelol in parallel with the international

standard theeKn and have adopted the policy of making repeated

assays with ten or more rats at intervals, in contrast to making
only one or two determinations on a group of twenty rats. The
biological activity given in Table I is the average of several

separate determmations. Especial effort has been made to keep

comparable all groups of rats used in parallel assays. By using

the international standard theelin we have a standard of refer-

ence which IS available to other laboratories. Use of such a
standard in the assay of unknown substances makes it possible

and advantageous to report the biological activity of the un-
known in terms of the standard.

Bemlts

In Table I are shown the results of the determination of the

biological activity of three preparations of theelol as compared
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with that of the international standard theelin. These results

demonstrate that theelol is relatively an inactive estrogenic sub-

stance, when injected in the adult spayed female rat. Our data
also show that international standard theelin is approximately

90 times more active biologically than theelol when administered

in oil and 250 times when given in 10 per cent alcohol containing

0.5 per cent sodium carbonate. In contrast, the biological activ-

ity of theelol when determined by the method in which the im-
mature female rat is used is very great and is approximately 4
times greater than international standard theelin m this regard

Our results obtained with adult spayed rats are at great variance

with those reported by Curtis and Doisy (7),^ Marrian (1), and
Manian and Cohen (8). These workers report the activity of

theelol to be one-half that of theelin. The results we have ob-

tained with immature rats are of the same order as those reported

by Curtis and Doisy. As has been stated, Butenandt and Stormer

(9) have found the biological activity of theelol to be one-hun-

dredth that of theelin when determined by the vaginal smear

method, and our results obtained with oil solutions are in accord

with their findings.

The recrystallization of Theelol 76-LCM-3® seven additional

times, which yielded Theelol 128-GFC-15 (Table I) did not result

in any change in the physical characteristics or biological activity.

The medium in which the hormone is admimstered is of im-

portance in determining the number of units in a given amount of

theelol. Thus an oil solution injected three times in 8 hours gave

results which indicate that the number of rat units is about 10

per mg., as compa
4
red to 6 per mg. when theelol is administered

in aqueous 10 per cent alcohol containing 0.5 per cent sodium

carbonate. If theelol is injected into adult spayed rats as a sus-

pension in aqueous 10 per cent alcohol, the physiological effect

is greatly enhanced. Thus, if the concentration of theelol is

0.166 mg. per cc., the biological activity is about 50 rat umts per

mg. However, if the concentration of theelol is decreased to the

* Browne (14) states that Doisy has reported that 0 006 mg of theelol

is required for a rat unit when a full squamous vaginal smear is required

in 75 per cent of the animals
® This preparation is the one from which a sample of theelol was con-

verted to theelin by use of potassium bzsulfate at high temperature (Cart-

land, Meyer, Miller, and Butz (15)).
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extent that it is in solution, the activity is of about the same order

as when administered in water or m aqueous 10 per cent alcohol

containing 0.5 per cent sodium carbonate. These results indicate

that the ease with which theelol is absorbed determines to a large

extent its biological activity. Thus aqueous solutions of theelol

are absorbed more rapidly and are biologically less efficacious

than oily solutions or aqueous suspensions from which the rate

of absorption is slower.

The activity of theelm is so great as compared with theelol

that it IS more difficult to determine whether or not suspensions

of it would give a greater physiological effect. However, in our

hands administration of theelm in an oily solution (injection three

times in 8 hours) has given results which indicate that the biologi-

cal activity is perhaps less when it is administered in oil than m
aqueous solution or aqueous 10 per cent alcohol containing

0 5 per cent sodium carbonate.

niscussiON

The cause of the great difference in the biological activity of

theelol as reported by us and that found by other investigators

is not defimtely known. However, the difference may depend

on whether or not a partial or full estrus smear is taken after a

positive response Thayer and MacCorquodale (16) reported

that the bioassay of theelol showed an enormous difference, de-

pending upon whether a partial or full estrus smear was considered

in the determination of the biological unit. Butenandt and
Stormer (9) have treated theelol preparations, having relatively

great biological activity, with ketone reagents and thus showed
that theelol was contaminated with theehn They have sug-

gested that the high activity of theelol reported by some investi-

gators IS a result of its being contaminated with theehn How-
ever, MacCorquodale, Thayer, and Doisy (17) have failed by use

of the same methods employed by Butenandt and Stormer (9)

to reveal the presence of theelin in their routine preparations of

theelol. Butenandt and Stormer (9) have also suggested that

there may be an active and in inactive form of theelol, thus ex-

plaining in another way the discrepancy in the reports on the

biological activity of theelol. If there are two forms of theelol,

we have not obtained any evidence of the second and more active

form.
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During the process of preparing theelol in our laboratory we
have consistently noted that recrystaUizations of the first crude

theelol result in changes m melting point and specific rotation

which indicate increase in purity. Concomitant with these re-

crystallizations we have observed decrease in biological activity.

However, continued recrystalUzations do not give indications of

any further increase in purity and the biological activity remains

constant. This small activity we believe represents a true activ-

ity of theelol itself and not that of a more hi^y active contami-

nant. This statement is difficult to prove definitely but the small

amount of theelol necessary to produce canahzation of the vagina

of the immature rat in contrast to that possessed by theelin is

evidence which tends to support the contention that theelol does

have a biological activity—^little as regards the adult spayed rat,

great when determined in the immature rat.

Browne (14) and Butenandt and Browne (10) have also stated

that they believe that theelol has a low grade of biological activity

as determined by the vaginal smear method and that this activity

IS a result of the conversion of theelol to theelin by the tissues.

Browne (14) has obtained evidence that less theelol is required to

produce estrus in the intact immature rat than in the spayed rat.

This, together with other data, has caused him to suggest that

the ovary is particularly efficient in the conversion of theelol into

theelin.

We have data which show that the ajnount of theelol, in terms

of rat units, necessary to produce uterine bleeding in immature

monkeys is much less than theelin (unpublished data). These

data, together with certain other facts, indicate that the quantita-

tive relationship between theelol and theelin differs with different

methods of assay.

CONCLUSIONS

1. Theelol possesses relatively httle biological activity when

compared with international standard theelin and determined by
the vaginal smear method. International standard theelm is ap-

proximately 90 times more active than theelol when administered

in oil and 250 times when injected in aqueous 10 per cent alcohol

containing 0 5 per cent sodium carbonate

2. Theelol is 4 times as active as international standard theehn

when determined by the opening of the vagina of the immature rat.
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For the estimation of total lipids in the feces a number of

excellent methods are available, which depend upon primary

saponification of the material. When the fat partition is to be

determined, however, it becomes necessary to use extraction pro-

cedures, a number of which are described in the literature. A
method widely used is that of Holt, Courtney, and Fales (1),

which is essentially an adaptation of the Roese-Gottheb method
for the analysis of milk powders. Although subsequent workers

(2-5) have altered the procedurem one way or another with a view

to improvmg its accuracy, it remains troublesome and time-con-

suming. It is the purpose of this publication to present a sim-

phfication of this procedure which avoids some of its difficulties,

and also to call attention to an error made by previous workers;

almost without exception those who have worked with human
material have failed to appreciate that the ^‘neutral fat” fraction

invariably contains a large proportion of unsaponifiable material;

hence the deductions made in regard to fat splitting under various

conditions have frequently been unsound. In order to obtain a

true picture of fat splitting it is necessary to determine the un-

saponifiable matter of the stool fat as well.

The technical difliculties m the procedure of Holt, Courtney,

and Fales and its modifications are (1) the tendency for emulsions

to be formed durmg extraction, which often separate out with

extreme slowness, and (2) the fact that the determination of

'^neutral fat,” fatty acid, and soap is not made on a single sample,

* This study was aided by a grant from Mead Johnson and Company,

Evansville, Indiana, for the study of fat metabolism,

605
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but requires several samples and several time-consuming weigh-

ings. We have eliminated the difficulty with emulsions by sub-

stituting for the Rohrig tube or extraction apparatus a stoppered

50 cc. centrifuge tube, making it possible to break up any emul-

sions immediately by centrifugation. We have also found it

practicable to carry out the estimation of the true neutral fat,

unsaponifiable, fatty acid, and soap fractions on a single sample.

The lipids other than soap are first extracted with a fat solvent,

weighed, and then titrated with alkali to determine the free fatty

acid and (by difference) the so called ^^neutral fat” (neutral fat

plus unsaponifiable). The extract is then saponified with alkali,

the unsaponifiable material being extracted and weighed, enabling

the calculation of all fractions except the soap. The residue from

the first extraction, which contains the soap, is acidified to convert

the soap into fatty acid which is extracted, weighed, and calcu-

lated as soap.

Method

As applied to dried stools, the method is as follows: A sample

of powdered stool (1.5 to 2.0 gm., less if quite fatty) is weighed

directly into the extraction tube, which consists of a round bot-

tomed 50 cc. centrifuge tube with a narrow mouth, fitted with a

cork stopper. The tube is conveniently weighed by standing it

in a small beaker on the balance pan. To the weighed stool sam-

ple are added 5 cc. of 50 per cent alcohol and the tube is heated

on a steam bath, bemg rotated the while to insure a uniform mix-

ture. The mixture is heated until it begins to boil
; it is then cooled

and extracted with equal parts of ethyl and petroleum ether (b p.

30-60*^). The tube is filled to within an inch of the top, stoppered

tightly, and shaken vigorously for a minute after it is seen that no

excessive pressure has developed inside the tube. The stopper

is then cautiously removed, rinsed with ether, remserted, and the

tube IS centrifuged until the supernatant ether is perfectly clear.

The extract is blown off as completely as possible, without dis-

turbing the sediment, by means of a wash bottle arrangement

with the lower end of the exit tube directed upward so as not to

disturb the sediment, mto a weighed 250 cc. modified Florence

flask^ containing some very small pieces of porous plate as boiling

1 The neck of an ordinary 260 co. Florence flask is shortened to a length

of about 1 inch, and a length of about 4 cm of a round bottomed 50 cc. cen-
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stones. It is advisable to pass the ether through a small funnel

and filter paper in case sediment is accidentally blown over. The
extraction procedure (addition of mixed ethers, shaking, centri-

fuging, and blowing off of supernatant fluid) is repeated three

times (four extractions in all), and the funnel and paper washed
with ether, all washings being collected in the modified Florence

flask. The solvent is evaporated off, followed by 30 minutes on a
steam bath and a similar time m a vacuum desiccator attached

to an aspirator. A second heating on a steam bath and second

vacuum desiccation are then carried out to remove the last traces

of the extracting fluid, after which the flask is weighed. After

weighing, 50 cc. of approximately 99 per cent alcohol are

added and the flask is warmed to dissolve the fat. The free fatty

acids are then titrated while warm with aqueous 0.1 N sodium

hydroxide while being agitated, phenolphthalein being used as anm-
dicator.^ The number of cc. of 0.1 n base required multiphed by
0.0268 gives the weight of free fatty acids in gm. (calculated from

Harrison's (2) figure, 268, for the average molecular weight of fecal

fatty acids). The neutral fat (plus unsaponifiable fraction) is the

trifuge tube is sealed into the bottom of the flask. The purpose of this

modification is to provide a flask with volume large enough to collect four

washings, and at the same tune have a diameter small enough near the base

to minimize the error caused by incomplete blowing off of the supernatant

fluid

2 It will be noted that we have abandoned the procedure of Folm and
Wentworth (6), used by Holt, Courtney, and Fales, of titrating the fatty

acids dissolved m hot benzene with sodium ethylate in favor of solution in

hot 99 per cent ethyl alcohol and titrating with aqueous alkali. A series

of determinations of stool fatty acids by this method gave the same values

as obtained with their recommended procedure. We have checked our

procedure by titrations of pure stearic acid and Bureau of Standards ben-

zoic acid, and have found the error to be less than 1 per cent, even when
the solution is colored to approximate that of the average stool determi-

nation. tinder certain circumstances, a shade more accuracy than is ob-

tained by our procedure or by that of Folin and Wentworth can be secured

by dissolvmg the fat in butyl alcohol and titration with sodium butyl

alcoholate (an alkali made by treatmg butyl alcohol with sodium). The
latter procedure was suggested by work of Pardee, Hasche, and Eeid (7).

We find that this has the advantage of giving a darker end-pomt which

is desirable for very dark colored stool fats Ethyl alcohol, however, has

the advantage of bemg volatile enough to be easily evaporated off after the

titration of fatty acids.
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difference between this figure and the total weight of the fat in

the fiask.

The contents of the Florence flask, which, aside from the solvent,

now contains neutral fat, unsaponifiable matter, and soaps derived

from the titration of free fatty acids are now used to determine the

unsaponifiable fraction. Saturated aqueous KOH is then added

(0.6 cc. for each gm, of the total extracted fat present) and the

flask is placed on a steam bath for saponification. The steam is so

regulated that 35 to 40 mmutes are required to evaporate off all the

alcohol. If too much of the alcohol remains unevaporated, diffi-

culties m extraction are encountered. All the material save the

unsaponifiable is now in the form of soap and only this latter part

{e.g, the unsapomfiable) can be extracted by fat solvents. About

6 cc. of water are now added and the material extracted four times

with ethyl ether, the ether extract betag blown over each time

into a 60 cc. extraction tube containing 10 cc, of 5 per cent aqueous

KOH solution. After being shaken to wash out any traces of soap

that may have been carried over, the extraction tube is centrifuged

and the ether extract blown off through a filter into a weighed

250 cc. flask. The four ether extracts are collected in this flask,

the ether evaporated off, and the residue which consists of the

unsaponifiable matter of the sample is weighed. From this weight

the per cent of unsaponifiable matter in the stool and in the stool

fat can be calculated, and by difference, the percentage of true

neutral fat in the stool can be obtained.

The soap is determined from the stool residue left after the first

extraction. Concentrated HCl (2 cc.) is added to the sample

along with a few cc. of water. It is warmed and cooled, then ex-

tracted four times with mixed ethers, exactly as has been de-

scribed above. The extract, containmg fatty acids derived from
soap, is evaporated down and weighed, the final weight being

multiphed by the factor 1.1 to convert fatty acid into soap, (This

approximate correction was omitted by Holt, Courtney, and
Fales.) The total fat is obtamed by adding the figures for neutral

fat (plus unsapomfiable), free fatty acid, and soap.
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A sample calculation follows.

ffm am.

Weight of dried stool (A) 1 837
" « neutral fat, unsaponifiable, and free fatty acids

(B) . . . , 0 104

Titration of (B) required 2 33 cc. of 0 1 n alkali

Equivalent weight of free fatty acids (C) == 2 33 X 0 0268 0 062
Weight of neutral fat + unsaponifiable (B) = (B — C) 0 042

“ “ unsaponifiable (B) .... ... .0 038
" ** neutral fat alone (B — B) 0 004
“ fatty acids freed from soap (B) , . 0 307
« “ soap ((?) = (B X 1.1) . . 0 338
“ “ total fat m sample of stool (C + B -f G) 0 442

From these figures the per cent of the fat in the dried stool and
the percentage of the various constituents of the total fat can

readily be calculated.

Per cent of fat in dried stool

Stool fat as unsaponifiable

« “ " neutral fat

“ ** “ free fatty acids

/O 038\

*\^0 442y
/O 004\

1^0 442/
/O.C62\

tt (t u soap
/O 338\

1^0.442)

per cent

= 24.1

= 86

= 0.9

- 14.0

« = 76.5

A somewhat abbreviated procedure can be used if it is not de-

Sired to make determinations of free fatty acid and soap, but only

of split fat as a whole. In this case, the concentrated HCl is added

at the beginning, necessitating only one extraction for removal of

all lipids. The split fat is then determined by titration of the

fatty acids. It is essential that the last traces of HCl be washed

out with water before the fatty acids are titrated. After the

titration the fat is saponified and the unsaponifiable fraction

extracted as described above.

It IS a disputed question whether any significant information

can be gained from a separate estimation of the free fatty acid

and soap. It has been mamtamed that the proportion of free
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fatty acid to soap in the feces is determiaed merely by the amount

of base available m the intestine to combine with such fatty acid

as may be unabsorbed- Keller (8), for example, found that there

was very little constancym the proportion of allcali soaps to those

of alkaline earths, and his views have been followed by Folin and

Wentworth (6) and others (9). On the other hand, it seems possi-

ble that the soaps of the stool may mdicate something more than

this. The formation of insoluble alkaline earth soaps in the intes-

tine has been regarded by Bosworth, Bowditch, and Giblin (10)

as a factor interfering to some extent with fat absorption, a view

which finds some support in our own work (11)

EXPERIMENTAIi

We have tested the analytical procedure outlined above by
adding to normal and to fat-free specimens of stool known amounts

of neutral fat (ohve oil), free fatty acid (oleic acid), soap (calcium

stearate), and unsaponifiable matter (from feces) to stools. The
added material was thoroughly mixed by adding a fat solvent

which was then evaporated ofi. It was found that such added

material could be recovered quantitatively in the appropriate

fraction with an error rarely exceeding 1 per cent.

Smce it has been claimed, particularly by Fowweather (12), that

analyses of the fat partition earned out on dried stools are in-

accurate, and that the wet method should always be employed,

it seemed desirable to make some comparisons by these two
methods The stools on i^hich these analyses were run were kept

covered with 50 per cent alcohol until the collection was com-
plete,® they were then thoroughly mixed, and while the material

was still pasty m consistency, samples were removed for wet
analysis. The remaining portion of the stool was subjected to our

usual drying procedure which consisted in evaporating to dryness

at room temperature, followed by pulverizing, after which the last

traces of moisture were removed in a desiccator- The samples of

dried stool were kept in tightly stoppered bottles and analyzed

within 2 weeks after removal from the desiccator Eesults are

given in Table I, in which each figure represents an average of

analyses made in triplicate.

® Less than 1 day in the case of Specimens M-1 and D, 2 weeks in the case
of Specimen M-2
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It appears that no significant alteration in the composition of
the stool results from drymg m the air with the procedure we have
employed.

DISCUSSION*

We wish to take this opportunity of pomting out how previous

observers, following the conventional procedure of expressing the

various lipid fractions in percentages of the fecal fat, rather than in

absolute quantities, and failing to appreciate the presence of much
unsaponifiable matter in the ^

^neutral fat’^ fraction, have been led

to quite erroneous conclusions m regard to fat splitting. Table II

Table I

Determination of Fat Partition in Wet and Dry Stools

stool speei-
men No Method Eat m total

solids of stool

Partition of stool fat

Neutral fat -f-

unsapouifiable
Free fatty

^

acids
Soap

per cent per cent per cent per cent

M-1 Wet 71 7 60 9 18 5 20.6

Dry 72 7 60 9 19 1 1 20 1

D Wet 69 6 34 3 19 6 !
46 0

Dry 70 9 33 8 18 1 48 1

M.2 Wet 56 6 16 1 24 2 69 7

Dry 57 0 17 0 20 5 62 5

gives typical data on the fat partition of the stools of mfants fed

on breast milk and on cow's milk

On cow's milk the absorption of fat is less complete and cor-

respondingly more fat is found in the stool; yet in spite of this,

the proportion of unsplit “neutral fat" in the stools is never as

high as on breast milk, and the high proportion of split fat in the

form of soap has always occasioned comment. When, however,

the fecal fat is expressed in absolute amounts, as we have done

m the second half of Table II, the quantities of “neutral fat"

and free fatty acid prove to be practically identical in the two sets

of experiments, the increase in fecal fat on cow's milk being due

almost entirely to unabsorbed soap. The peculiar constancy of

the “neutral fat" fraction led us to suspect that this might consist

largely of unsaponifiable material, and this suspicion was con-
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finned -when we determined its content in the fecal fat. Analsrses

reported elsewhere (11) revealed that imder normal conditions

the “neutral fat” fraction is virtually all unsaponifiable matter.

It is worthy of comment that the percentage of unsaponifiable

matter in the “neutral fat” fraction of human feces appears to be

considerably higher than has been reported in dogs. In these

animals, Sperry (14) reported that approximately 76 per cent of

the “neutral fat” fraction was unsapomfiable, whereas in normal

Table II

Fat Partition of Stools of Infants (Data of Holt, Courtney, and Foies (IS))

Fat partltlo^

Diet
Fecal
fat per
day

Per cent ot fecal fat Gm per day

Neu-
tr^
fat

Free
fatty
aciOB

Soap
Neu'
ti^
fat

Free
fatty
acids

Soap

Breast milk 19 7 27.7 62 6 0 23 0 32 0 60

Cow*s milk 2 39 9 6 14 4 76 0 0 23 1

1

0 34 1.82

Table III

Fecal Lipids of Normal Infants

1

Total
Partition of fecal lipids per day

Diet
lipids of
feces per
day

XJn-
sapon*
ifiable

Neu-
tral
fat

Free
fatty
acids

Soap

Skim milk + breast milk fat. . . .

“ + cow’s milk fat

gm

1 85

2 88

gm

0 21

0 22

gm

0 02

0 03

gm

0 58

0 54

gm

1 04

2 09

infants we have found it to be at least 90 per cent. Only in path-

ological states and with certain very poorly absorbed fats does the

true neutral fat constitute an appreciable proportion of the feces.

Table III presents typical analyses which we have made on normal
infants receiving breast milk fat and cow's milk fat.

SUMMARY

1. A method of determining the partition of fecal lipids is pre-

sented, which avoids certain difficulties inherent m previous
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methods, and permits the determination of unsaponifiable matter,

neutral fat, fatty acid, and soap m a single sample.

2. Reasons are given for abandoning the conventional practice

of expressing the partition m percentages of fecal fat, A more
accurate picture of the facts can be obtained by expressmg them
m absolute quantities.
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Few problems in biochemistry have proved more perplexing

than the question of the origin of creatine. Beginning with the

early studies which attempted to link this compound with some
specific metabolic r61e, interest m the problem has been more or

less well sustained, and in recent years added stimulus has been

derived through the newer developments in our conception of

muscle metabolism. The subject has also acquired some impor-

tance clinically, following the demonstration by Brand and asso-

ciates (1) that in cases of progressive muscular dystrophy the

ingestion of glycine produces a marked increase in creatine excre-

tion, and the further efforts by numerous workers to establish the

therapeutic value of this and other amino acids in muscle disease

To the discordant data in the literature prior to 1928, when
Hunter (2) prepared his excellent monograph, data have been

added since, which far from clarifying the situation have contrib-

uted only to its confusion. The literature since 1928 has been

critically summarized in two reviews by Rose (3).

Beard and Barnes (4) have reported large increases in the daily

excretion of total creatinine in the urine of adult rats following the

administration of various amino acids, proteins, and other com-

pounds. Many of these, though chemically unrelated to creatine,

when fed to young rats, produced a marked increase in the concen-

tration of this constituent in the muscle. The authors therefore

suggest that these substances stimulate creatine-creatinme meta-

* Presented in part before the American Society of Biological Chemists

at Detroit, April 10-13, 1935
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616 Creatine and Creatinine

holism, in some way other than by specific dynamic action, with a

resulting increased formation of creatine in the muscles and

elimination of creatinine in the urine

Because of the importance attached at present to the problem

of creatme precursors, it seemed desirable to verify some of the

results obtained by Beard and Barnes (4). The work has been

extended to mclude several other substances, the relation of which

to creatine metabolism has been the subject of dispute. The
compounds studied and their sources were as follows: dZ-alanme

(Eastman), d-arginme (Hoffmann-La Eoche), Z-aspartic acid and

d-glutamic acid (Eastman), Z-cystine (Hoffmann-La Eoche),

glycine (Calco, Dow), Z-tryrosine (Pfanstiehl), Z-histidine mono-
hydrochloride, choline hydrochloride, betaine hydrochloride, and

sarcosine (Hoffmann-LaEoche), guanidine hydrochloride, guanidine

acetate, and guanidine carbonate (Eastman), guanidineacetic

acid (glycocyamine) and methylguamdme hydrochloride (Hoff-

mann-La Eoche), creatone, prepared according to the method of

Greenwald (5), creatine hydrate (Eastman), several times re-

crystallized.

EXPERIMENTAL

The data in this paper are based on metabolism studies per-

formed on seventeen young adult rats (ten males, seven females),

with an average weight of 200 gm. Each rat was kept in a sep-

arate metabolism cage which rested part way in a large glass

funnel. The floor of the cage was made of f inch wire mesh.

Food particles and feces were prevented from falling into the urine

receptacle by a wire screen at the bottom of the funnel The
animals were maintamed on a creatine-free diet similar to that

employed by Chanutin and Silvette (6) and Beard and Barnes

(4). Analysis of the urine was carried out on 48 hour specimens.

With ordinary precautions m collection, rinsing down the sides of

the funnels, and periodic removal of accumulated material on the

wire screen, the results, as regards the excretion of total nitrogen,

creatine, and creatinine, were remarkably consistent. All sub-

stances tested were administered by stomach tube (French

catheter No. 8 or 10 inserted through a hollow metal tube used to

keep the jaws apart). Following several 48 hour control periods,

dunng which the rats became accustomed to the new environment.
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the test substance was given at the beginning of a new 48 hour

period. The experimental period was followed by a similar control

or rest interval, after which the rat was ready for the next trial,

either with the same or some other compound. Only exceptionally

was there any apparent advantage in extending the rest penod

Fig, 1. The effect of various compounds on the urmary excretion of total

nitrogen, creatine, and creatinine in Rats M-127 and M-129. The levels of

excretion as represented are for 48 hour periods. The compounds tested

were administered at the beginning of one period, following which there

was a control period of 48 hours. The length of either of the two double

arrows is e(iuivalent to a 48 hour period.

beyond 48 hours. Indeed the effects of most compounds were

dissipated within the first 24 hours, with a return to basal levels of

excretion during the succeeding 24 hours.

None of the animals in this group was adversely affected by the

experimental procedures and all continued to gain weight at

approximately normal rate. The average duration of the experi-
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ments was 30 days, though with several of the rats the experiments

were continued as long as 60 days. Accompanying the mcrease

in weight there was a gradual increase in the basal daily excretion

of preformed creatmine and total nitrogen

The curves in Fig. 1, m addition to representing a number of

typical results, illustrate the general conduct of the experiments.

One set of curves is based on data obtained on Rat M-127 during

the interval February 20 to April 3, and the other on those of

Rat M-129 for the period March 10 to April 7. The length of

each double arrow represents a 48 hour interval.

The various compounds employed in this study were tested for

chromogenic properties by autoclaving with alkaline picrate, as

in the estimation of creatme plus creatinine. Essentially negative

results were obtamed with all the amino acids, in amounts of 100

to 200 mg., save histidine, which produced a definite, though from

the standpomt of this mvestigation, a negligible, effect (100 mg.

< 0.01 mg. of creatinine). Absolutely negative reactions were

noted with sarcosine, betaine, choline, creatone, methylguanidine,

and the guanidme salts (hydrochloride, carbonate, and acetate).

Guanidineacetic acid reacted positively, the color effect produced

by 100 mg. being equivalent to approximately 4 mg. of creatinine,

a fact which must be taken into account in interpreting the

metabolic data with this compound.

Results

The results are summarized in Table I. In evaluating them a

safe criterion is to consider a variation in the 48 hour excretion

of dbl mg. to be of no significance. The writer holds the view

that creatinuria resulting from the adimmstration of a given sub-

stance is not necessarily proof of the production of extra creatine.

At best such evidence is only presumptive. In this light the

present report is regarded primarily as a study of specific and non-

specific creatinuria and not as an investigation of the precursors of

creatine. Yet even at this stage it is perhaps reasonable to expect,

under the conditions of the experiment, that if a given substance is

actually a precursor of creatine, the conversion would be sufficient

to yield a significant extra excretion of creatine (or creatinine).

Conclusions cannot be drawn from minor changes which may
conceivably result from a variety of factors, such as diuretic effects.
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non-specific metabolic stimulation, and toxic mfiuences, at least

in the case of certain compounds.

dUAlanine—In the experiments of Beard and Barnes (4), rats

(200 to 300 gm.) receivmg 1.5 gm. of di-alanine showed an average

increase of 28 per cent in creatinme output. These workers also

found an increase in muscle creatine in young rats receivmg this

amino acid. In cases of progressive muscle dystrophy receiving

alanine, Brand et ai. (1) observed a slightly increased creatine

output. In rabbit heart perfusion experiments, Decherd, Herr-

mann, and Davis (7) found that of various amino acids alanine

alone seemed able to maintain and even enrich the creatine content

of the heart muscle. Workmg with rats, MacKay and Barnes

(8) observed that the addition of glycine or alanine to the diet

defimtely raised the creatine content of the myocardium. As
indicated by the data in Table I, the administration of 1 to 2 gm.

of alanine produced no significant change m two experiments, an

increase of 1 to 1.9 mg. in five others, and of 2 to 4 mg. in two

experiments. In four of a total of eleven trials, the output of

preformed creatinme exceeded the basal level by an average of

about 10 per cent. In the remainder the creatinine excretion was

unaffected. From these results it would seem that while alanine

produces a somewhat inconstant effect on creatine (and creatinine)

elimination, the change is not such as to indicate that it is neces-

sarily related to increased creatine production.

d-Arginine—Despite their close chemical relationship, evidence

for a direct transformation of argimne mto creatine is lackmg

The prolonged administration of relatively large amounts of argi-

nine to human subjects produced no increase m the excretion of

either creatine or creatinine in the experiments of Hyde and Rose

(9)

. Confirmatory results were obtained in dogs by Grant, Christ-

man, and Lewis (10). On the other hand, Shapiro and Zwaren-

stein (11) reported an increase in urinary creatinine in rabbits

following the injection of argmine. Beard and Barnes (4) recorded

an average creatinine increase of 26.8 per cent m their rats, fol-

lowing the administration of a 1 gm. dose of the amino acid. No
significant changes were observed m any of our expei^ments (dos-

ages of 0 1 to 1.5 gm.).

l-Asparhc Aad—^This amino acid, contrary to the observations

of Beard and Barnes (4), produced no effect on the elimination of

creatine or creatimne.
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Table I

Effect of Feeding Bats Certain Amino Acids and Other Compounds on 48

Bout Excretion of Creatine

The number of experiments with each compound is given by the figures



621M. Bodansky

Tabi/B I

—

Coucluded

Compound Amount
Decreases

of

1-2

mg It

Increases of

ta

3

It

2:

t

A

1 mg

Guanidine acetate 60 mg. 2 1

100 tt 2 5

Guanidineacetic 50 tf
5 6 4 2, 4.5, 5, 8 2,

acid 9, 9 5

60 tt
6 8, 8 1, 9 6, 10,

13, 15

100 tt
i 4 6, 8, 14, 19 6

Methylguanidine SO it
2 1

hydrochloride 100
tt

1 1

Creatme 35 <t
2 12, 14 7

50 tt
3 16, 20, 29

60 it i

4 22, 32, 36, 43

120 tt 2 48, 61

Creatone 60 tt 4

2X50 tt
3 1

UCystine—In experiments on dogs, Harding and Young (12)

found that the administration of cystine increased the output of

creatine. Gross and Steenhock (13) observed the same effect

in hogs, but nevertheless did not accept the conclusion of Harding

and Young that cystine is a precursor of creatine. Doses of 1.5

gm. produced an average increase of 28.1 per cent in the creatinine

output in the experiments of Beard and Barnes (4). In contrast,

the writer observed a slightly diminished output of creatme and

creatinine in two experiments and no significant change m seven

others (dosages 0,5 to 1 5 gm ).

d’-Olutamic Add—In contrast to the data of Beard and Barnes

(4) the administration of glutamic acid produced no demonstrable

effect on the excretion of either creatine or creatinine.

Olycine—^Withone exception in which the preformed creatinme

was increased by 2 mg. for the 48 hour period, the creatinine output

was unaffected by the administration of glycine. This is in

agreement with the observations on human subjects by Brand and

associates (1). With one commercial preparation (Calco) the

output of creatme was invariably increased, while with a second
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preparation (Dow) this effect seemed to be somewhat less pro-

nounced, as indicated by the data in Table I, This observation

led us to consider the possibility that the increased output of crea-

tine, following the administration of glycine, may be due to the

presence even in highly purified commercial preparations of an

adventitious substance, such as guanidineacetic acid. By an

adaptation of Weber’s procedure (14) for the estimation of guani-

dineacetic acid in urine, tests were performed on the Calco and

Dow products, as well as on those of Merck and Eastman. The

results were uniformly negative.

—^An increased output of total creatinine, following

the administration of histidme, has been reported by Abderhalden

and Buadze (16) in experiments on dogs, by Shapiro and Zwaren-

stein (11) in rabbits, and by Beard and Barnes (4) in rats. Al-

though in one of our experiments, feeding histidine resulted in a

slight mcrease in creatine elimination, while in another there was

a delayed output of 1.5 mg. of extra creatmine, the evidence taken

as a whole is opposed to the observations reported by the various

investigators just mentioned, but is in agreement with a consider-

able accumulation of earlier data, cited by Hunter (2), as well as

with more recent observations of Brand and coworkers (X) and
Schumann (16).

l-Tyrostne—^Experiments with this amino acid were included

because of the statement of Beard and Barnes (4) that feeding of

1 5 gm. increased the creatinine output approximately 30 per cent.

Our results with doses of 0 5 to 1 gm were entirely negative.

Choline, Betaine, and Sarcosine—^The chemical relationship of

these substances to creatine has stimulated considerable specula-

tion Goncemmg their metabolic significance as intermediates

Choline hydrochloride in doses of 150 mg. produced a definite,

though slight, increase in only one of six experiments. Betaine

hydrochloride in similar dosage caused a rise of 2 2 mg. in one trial,

no change in five, and a decrease of 1.6 mg. in another. With
sarcosme the results were all negative.

Ouamdine andMethylguamdine—Guanidine administered as the

hydrochloride, carbonate, and acetate in doses of 60 to 100 mg.
produced no significant effects in fifteen trials; small increases were

observed in two experiments and comparable decreases in the out-

put of creatine in two others. A dose of 150 mg. of guanidine
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carbonate given to one rat proved fatal. Methylguanidme hydro-
chloride produced an appreciable increasem the output of creatine

in two out of five experiments; an increase m the output of creat-

inine was observed in a third experiment. However, no clear

significance can be attached to these results. If methylguanidine
were truly a precursor of creatine, this would have been reflected

by more striking changes in the composition of the urine.

Gudfiidineacetic Add—^The output of creatine was increased

from 2.8 to 9.6 mg., following the administration of 50 mg. of

guanidineacetic acid (glycocyamine). Doses of 100 mg. produced

increases of 4 to 19.6 mg. It will be recalled that the preparation

used in this work reacted with alkaline picrate. However, even if

all of the guanidineacetic acid had been excreted unchanged, the

analytical results should not have exceeded the basal excretion of

creatineby more than 2 mg. for the 50 mg. dose, or 4 mg. for the 100

mg. dose. The majority of data presented therefore mdicate the

probable conversion of guanidineacetic acid into creatine. While

this view is widely accepted and is supported by a considerable

number of data, it is nevertheless felt that final proof must rest on

more direct evidence than the increased urinary creatme output.

Creatone—^This oxidation product of creatine, first described by
Baumann and Ingvaldsen (17), was prepared according to the

method of Greenwald (6). No effect was observed with 60 mg.

doses. The administration of 100 mg. increased the creatine out-

put less than 2 mg. in one experiment and produced no significant

change in three others.

Creatine—Creatine hydrate was given in doses equivalent to

35 to 120 mg. of creatine. The amount recovered in the urine

within 48 hours varied from about 30 to 80 per cent

SUMMARY

Arginine, aspartic acid, glutamic acid, cystine, histidme, and

tyrosine, administered in comparatively large doses by stomach

tube, produced no effect on the excretion of creatine or creatinine

in rats.

The administration of glycine did not influence the excretion of

creatinine,but definitely increased the output of creatme Similar,

though less striking or constant changes, were obtained with

alanine.

THU JOURNAIj op BIOLOOICAIt CHBMISTRY, VOIi 112, NO 2
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Choline, betaine, sarcosine, and the salts of guanidine did not

affect the output of either creatine or creatinine. Methylguani-

dine increased somewhat the elimination of creatine in two out of

five experiments, but no special significance is attached to this

observation The increased elimination of creatine following the

admmistration of guanidineacetic acid suggests the probable

conversion of the latter into creatine. However, the point is

emphasized that an increased elimination of creatine under these

conditions is, at best, only presumptive evidence of extra creatine

formation.

Creatine given in doses varying from 35 to 120 mg. was recov-

ered in the urine within 48 hours in amounts varying from about

30 to 80 per cent. Creatone, an oxidation product of creatine,

produced no significant change in the output of either creatine

or creatinine.
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Since the identification of ascorbic acid with vitamin C, the

physiological importance of this substance has been increasing

considerably Ascorbic acid seems to be, by virtue of its high

reducmg power, one of the systems which mamtain the oxidation-

reduction equilibrium necessary for the harmonious interreactions

of cellular oxidations and reductions. Unfortunately, the liter-

ature on this problem is full of contradictory statements. Thus,

it has been taken for granted without adequate experimental

evidence that ascorbic acid '^avidly takes up oxygen^' (Harris

(1)) and is destroyed by aeration. With reference to the ther-

modynamic reversibility of this system, we are faced with reports

(Laki (2), Karrer, Schwarzenbach, and Schopp (3), and Green

(4)) that the system is thermodynamically irreversible, and with

others (Georgescu (5), Borsook and Keighley (6), Wurmser and

de Loureiro (7), and Fruton (8)) that it is thermodynamically

reversible. Strangely, even among those who maintam the latter

opmion, there is no agreement m their reported data.

A prerequisite to a study of the r61e of ascorbic acid in biological

oxidations must be, as Clark emphasizes in his admirable review

(9), ^^first, the comprehension of components.^^ We, therefore,

decided to study first the so called autoxidation of ascorbic acid

in carefully prepared buffer solutions and proceeded then to a

study of the catalysts which accelerate the oxidation, the mecha-

nism of this reaction, and its chemical reversibility.

* Fellow of the Rockefeller Foundation.
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626 Oxidation of Ascorbic Acid

BXPEEIMENTAL

We wish to emphasize that extreme care was taken to avoid

contamination of our solutions by heavy metals. The water used
for the preparation of buffers and for the final washing of the glass-

ware was twice distilled m a quartz distillation apparatus after

having been thrice distiUed at the laboratory. All the chemicals

used for the preparation of buffers and those tested for their

catalytic power were obtained from Kahlbaum. The ascorbic acid

obtained from Merck (natural) was recrystallized. The hemin
was prepared at the laboratory and thrice recrystallized. All

reagents before being used were tested for iron with thiocyanate

and for copper with Kolthoff’s method (10). All solutions were
kept either in porcelain fliasks or m parafiBned bottles. The
Warburg vessels, made of Pyrex glass, were boiled in cleaning

solution and washed with quartz-distilled water at the end of

each experiment. The ends of the manometers were cleaned in

the same way. Stopt-cock grease was avoided by sealing the ves-

sels to their respective manometers with paraffin. The oxidation

of ascorbic acid was determined by measurement of the oxygen
consumption by the well known Warburg method, the ascorbic

acid being kept in the side arm and dropped into the main vessel

when temperature equilibrium was reached. The temperature
of all experiments, unless otherwise stated, was 26°. The amount
of ascorbic acid used in each vessel was 0.02 mM (dissolved in 0.2

cc. of water). The pH values of the buffer plus ascorbic acid

were determined with the glass electrode up to pH 9; above pH
9, with the hydrogen electrode. The hydrogen ion concentrations
of the solutions were controlled as follows: HCl 0.1 m, Sdrensen’s
citrate and borate mixtures, Clark's KH2P04-Na0H mixtures,
and Kolthoff and Vleeschauwer's NagHPO^-NaOH mixtures
(Clark (11)).

So Called Autoxidahon of Ascorlnc Add
The autoxidizability of ascorbic acid has been taken for granted,

probably because of its high reducing power. When great care
was taken to use solutions not contaminated with copper, the
oxidation of ascorbic acid by atmospheric oxygen at 25® failed
to take place with measurable speed (the oxygen consumption
bemg measured for 1 hour) m experiments performed at different
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pH values up to pH 7.60 (Fig 1). It was found that ascorbic

acid IS autoxidizable only m alkahne solutions, the rate of oxida-

tion increasing considerably as the alkalinity increases from pH 8
to pH 10. At pH 8.30 the oxygen consumed in 1 hour was 8 3

c.imn.; at pH 8.66, it was 36 c.mm
; and at pH 9.66, it was 178

c.inm., this last increase of 1 pH (from 8.66 to 9.66) having raised

the rate of oxidation 4.9 tunes. This rapid autoxidation of

Fig. 1. The autoxidation of ascorbic acid at different hydrogen ion con-

centrations Abscissa, pH; ordinate, oxygen consumption in 60 minutes

(c,mm ); r, 26®; amount of ascorbic acid, 0 02 mM

ascorbic acid in alkaline solutions, already
,

observed by the Birm-

ingham School of Chemistry (12) and by Karrer, Salomon, Morf,

and Schopp (13), proceeds after 1 atom of oxygen has been used

per molecule of ascorbic acid (as can be seen in Fig. 2), and ends

with the formation of oxalic acid and Z-threonic acid. As pointed

out by Euler, Myrback, and Larsson (14), the addition of KCN
(0 001 M per liter) not only failed to inhibit the rate of oxidation
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but increased it slightly because of a higher reactivity of the cyan-

hydrin formed. From these experiments we must therefore con-

clude that, contrary to statements frec^uently made, ascorbic

acid is not autoxidizable at physiologic hydrogen ion concentra-

tions.

Fig 2 The autoxidation of ascorbic acid in borate buffer. pH, 9 01

;

T, 25®. Curve 1 represents autoxidation in the presence of 0.001 u KCN

;

Curve 2, autoxidation of ascorbic acid alone The black line represents

the amount of oxygen which would be consumed by the oxidation of ascor-

bic acid to dehydroascorbic acid

Copper As Catalyst for Oxidation of Ascorbic Acid in Atmospheric

Oxygen

The destruction of vitamin C in foods by copper was observed

as early as 1921 by Hess and Unger (15). Euler, M3rrback, and
Larsson (14) confirmed these findings and studied the effect of



Barron, DeMeio, and Klemperer 629

increased concentrations of copper on the rate of oxidation of

ascorbic acid. The enormous oxygen uptake shown by the con-

trols without copper mvalidates their results. The oxidation of

ascorbic acid in acid solutions up to pH 6.60, with copper as

Fig 3 The oxidation of ascorbic acid by atmospheric oxygen with cop-

per as catalyst pH, 5 16; T, 25°; amount of cupric chloride, 0 0002 mai;

amount of ascorbic acid, 0 02 mM; calculated oxygen consumption, 244 5

c.mm
; found, 244 c mm

catalyst (0,0002 mM of CUCI2), requires 1 atom of oxygen per

molecule of ascorbic acid, just as is the case in the oxidation by
iodine or by Clark's 2,6-dichlorophenol indophenol. In Fig. 3 is

reported an experiment performed at pH 5 15. The oxidation was
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finished in 2 hours with an oxygen uptake of 244 c.mm., which

corresponds to 1 atom of oxygen per molecule (amount of ascorbic

acid, 0.02 mM). Experiments such as this were performed at

different pH values, from 4.17 to 6.60, with the same results.

Effect of Varytng Concentrations of Copper—The catalytic effect

of copper was noticed with the addition of such a minute quantity

of copper as 46 micrograms per liter (0.000727 mM of CuCU per

liter). This extraordinary catalytic power of copper probably

explains the often repeated reports about the autoxidizability of

ascorbic acid. In these experiments the pH was kept constant

(3.17) as well as the ascorbic acid (0.02 mn), while the concen-

Tabiib I

Effect of Copper Concentrat%on on Rate of Oxidation of Ascorbic Acid

pH, 3 17 (citrate buffer); amount of ascorbic acid, 0.02 mM; 37, 25“; vol-

ume of fluid, 2 75 cc.

Amount o! CuCla Concentration per liter
Time required for half oxida-

tion of ascorbic aoid

mu mu min

0 000002 0 000727 1748*

0 00002 0.00727 181 0

0,00005 0 01818 85 0

0 0002 0 0727 49 5

0 0005 0 1818 19 0

0 002 0 727 10 3

0.005 1 818 8 5

0 01 336 6 0

* Calculated value; 8.90 mm. in 120 mmutes.

tration of copper was varied. Since the rate of oxidation was
constant (zero order reaction) untd about half of the substrate

was oxidized, the time required to reach half oxidation was deter-

mmed. With an increase of 1:10 in the concentration of copper

(Le.f from 2 X 10“® to 2 X 10~® milliatom) the rate of oxidation of

ascorbic acid increased also 1:10; with an increase of 1:100 in

the concentration of copper, the rate of oxidation increased 1:35;

with an mcrease of 1 : 1000, the rate of oxidation increased 1 : 174.

(The ratio of catalyst to ascorbic acid was m the last case 1 : 10.)

From here on, an mcrease m the concentration of the catalyst

did not affect appreciably the rate of oxidation (Table I).

Effect of Hydrogen Ion Concentration—^To determine the influ-
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ence of the hydrogen ion concentration on the catalytic power of

copper, a range of pH values from 1,07 to 10.16 was covered.

The amount of ascorbic acid (0.02 mu) and the amount of catalyst

(0.0002 mM of CuCh) were kept constant. The time required to

reach half oxidation was determined, there being in every experi-

ment controls without copper. When the pH value at which
autoxidation starts (pH 7.6) was reached, the amount of oxygen
consumed by the control was subtracted from the amount con-

sumed in the presence of the catalyst. At pH 1.07 the rate of

oxidation was so slow that half oxidation would have been reached

only at the end of 367 minutes. From this point the rate of oxida-

tion increased very rapidly, so that at pH 2 24 half oxidation was

Table II

Effect of Hydrogen Ion Concentration on Catalytic Power in Oxidation

of Ascorbic Acid by Atmospheric Oxygen

Amount of CuCh, 0 0002 mM, amount of ascorbic acid, 0 02 mM; T, 26°.

pH Time required for half
oxidation

- - -

pH Time re^tdred for
half oiadation

min min

1 07 367 (Calculated) 6 00 15 0

2 24 60 6 75 12 0

2 95 53 2 6 95 10 3

3 17 51 1 7 20 12 0

4 05 36 0 8 30 1 30 1

4 29 30 5 9 01 42 3

5.10 22 5 10 16 58 6

reached in 60 minutes, a 6-fold increase in the rate of oxidation

From this pH on, the rate increased slowly, reaching its maximum
speed at pH 6.96, where half oxidation was produced at the end

of 10.3 minutes (Table II),

Effect of Manganese, Iron, Nickel, Cohalt, and Calcium on Oxidation

of Ascorbic Acid

Euler, Myrback, and Larsson (14) reported that manganese,

iron, nickel, and calcium increased the oxidation of ascorbic acid;

a similar claim was made for Emger’s solution. Cobalt, on the

other hand, they reported, inhibited the oxidation. We per-

formed a great number of experiments at pH values of 4.16 and
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6.28 mth the following metallic salts: manganese sulfate, nickel

chloride, ferrous ammonium sulfate, ferric chloride, cobalt sulfate,

and calcium chloride, which were used in amounts varying from

0.004 mM to 0.01 mM. Ascorbic acid was used in the usual

amount, 0.02 mM None of these metals acted as catalyst for

the oxidation of ascorbic acid, as there was no oxygen consump-

tion after the addition. Smce the results were consistently

negative, the data of these experiments are omitted.

Catalytic Power of Hemochromogens

It has been shown by Tillmans, Hirsch, and Hirsch (16) that

reversible dyes of high oxidation potential (mdophenols) can be

utilized for the determmation of ascorbic acid in acid solutions

provided that the titration is carried out rapidly, as the rate of

reoxidation of these dyes is quite low (Barron (17)) It is obvi-

ous that a number of reversible dyes possessing the proper oxida-

tion-reduction potential could act as catalysts for the oxidation

of ascorbic acid in atmospheric oxygen if the rate of reoxidation

of the reduced dye is not low. By the same reasoning, hemochro-

mogens, as reversible systems, could also act as catalysts if their

potential were such as to make the progress of the oxidation a

thermod3mamic possibihty.

It is already known that iron becomes a powerful catalyst for

a number of oxidations of biologic mterest when it combmes with

porphyrin to form heroin. Moreover, the catalytic power of

hemin is enhanced when it combines with a number of nitrogenous

derivatives to form hemochromogens, this increased catalytic

power bemg probably due to an mcrease m the oxidation potential

of hernia when it is transformed into hemochromogen. Hemm
and the hemochromogens of mcotine, pyridine, and pilocarpine

were tested for their catalytic power at pH 6 39. The amount
of hemin was 0.00015 mM; the amount of nicotine and pilocarpine,

3 55 mM; that of pyridine twice as much (None of these nitrog-

enous bases produces the oxidation of ascorbic acid when used

alone.) As can be seen in Fig. 4, the three hemochromogens acted

as catalysts for the oxidation of ascorbic acid in the following

decreasing order: nicotine > p3nddine > pilocarpme. Hemin
had no catalytic power. It is interesting to note that the catalytic

power of the hemochromogens increased as their oxidation-
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reduction potentials became more positive For, according to

the measurements of Barron and Hastings, as yet unpublished,

the of these hemochromogens is, at pH 9.16, —0 005 volt for

nicotine, —0 050 volt for pyridine, —0.156 volt forpilocarpine,

—0.240 volt for hemm. When nicotme-hemochromogen was

used as catalyst, the series of reactions which occurred during the

Fig 4 The catalytic effect of hemochromogens on the oxidation of

ascorbic acid by atmospheric oxygen pH, 6 39; 25®; amount of ascorbic

acid, 0.02 mM; amount of hemin in the hemochromogens, 0.00016 mivc.

oxidation of ascorbic acid could be followed spectroscopically.

As soon as the oxidized nicotine-hemochromogen came m contact

with the buffered solution contammg ascorbic acid, the formation

of reduced nicotine-hemochromogen could be detected by the

change in color and the appearance of the two typical bands of

the reduced compound (5575 A. and 5265 A.). After a thorough
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shaking, the oxidised hemochromogen with its typical olive-green

color reappeared. The catalytic power of nicotine-hemochro-

mogen is only 0 43 of the catalytic power of copper. Thus,

0.00016 mM of nicotiae-hemochromogen consumed 46.5 c.mni. of

oxygen in 12 minutes, whereas the same amount of copper con-

sumed 108.6 c.imn. Of course, since the dissociation constant

of nicotine-hemoohxomogen is not yet accurately known, the

aduol concentration of hemochromogen in these experiments can-

not be definitely stated.

Meckamsm of Oxidation of Ascorbic Add

It can be postulated that the oxidation of ascorbic acid by
atmospheric oxygen with either copper or hemochromogens as

catalysts proceeds in the following way. The ascorbic acid mole-

cule is oxidized to dehydroascorbic acid, while the catalyst is

reduced. The reduced catalyst in turn is reoxidized by atmos-

pheric oxygen and is ready to act once more as oxidizing catalyst

The H2O2 formed during the reoxidation of the catalyst is readily

spht into water and oxygen. Thus there is in the end the con-

sumption of 1 atom of oxygen per molecule of ascorbic acid. The
series of reactions may be expressed as follows:

(1)

(2)

(3)

H H 0.

1 1 /
20H—0—O—

0

I I l\ /
H OHH C=0

I I

OH OH

H H O.

I I /
20H—C—C—

C

I I 1\ /
H OHH C—

C

>C=0 -I- 4Cu++

>0=0 + 4Cu+ + 4H+

0 0

4Cu+ + 4H+ + 20, 4Cu++ -1- 2H,0,

2H2O2 2H2O “f* O2

To test the validity of this interpretation, we carried out the

following experiments. To break the series of reactions in its
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initial step (Equation 1) we used as inhibitor HCN, which with

copper salts forms stable compounds. KCN at a concentration

of 0.001 M per liter stopped entirely the oxidation of ascorbic

acid by cupric chloride as catalyst at pH 7.04 (Fig. 5). To

Fia 5. The effect of oxygen concentration, HCN, and CO on the cata-

lytic power of cupric chloride on the oxidation of ascorbic acid. T, 25°;

pH, 7 04; Na-Oa mixture = 94 91 5 09; COiOz = 9513 4 87 Curve 1

represents the effect of HCN (0 001 m, KCN); Curve 2, the effect of CO;

Curve 3, the oxidation in Nz’Oz; Curve 4, the oxidation in air.

inhibit the reoxidation of cuprous ions we utilized the well known

action of CO to form with cuprous chloride the reversible cuprous

carbonyl chloride. (Cupric chloride does not combine with CO )

In these experiments, the rate of oxidation of ascorbic acid with
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cuprio chloride as catalyst was measured in solutions saturated

with mixtures of 00:02 and N2 : 02 ,
the gas phase of our system

being also made of the same mixtures. The oxygen concentra-

tion in both mixtures was about the same, namely 5 per cent.

The inhibition produced by CO was 84 per cent. This mhibition

IS reversible, for by blowing out the CO from the Warburg vessels

with a stream of air, the rate of oxidation was increased. On the

other hand, illumination of the Warburg vessels with a Mazda
lamp of 200 watts, placed at 8 cm. from the vessels, had no effect

on the rate of oxidation (Fig. 5). The formation of H2O2,
postu-

lated m Equation 2, during the autoxidation of cuprous chloride

was noticed as long ago as 1882 by Traube (18). The difficulty

Table III

TernTperature Coefficient for Oxidation of Ascorbic Add by Atmospheric

Oxygen with Cu’^ As Catalyst

pH 3.17j amount of ascorbic acid, 0 02 mMj amount of CuCU, 0 0002 mM

Experiment No.
Oxygen consumed in 30 nun

Qio

27“ 37“

c mm c mm* ||||||_|||||||||
1 82 2

2 80 4:

3 84 4
1

Average 1 65

of recognizing its presence when such autoxidation occurs in

atmospheric oxygen, due to its rapid decomposition mto water

and oxygen, was demonstrated by Wieland and Franke (19).

Temperature Coefficient for Oxidation of Ascorbic Acid

The fact that diminishing the oxygen concentration m the

Warburg vessels from 21 per cent (air) to 6 per cent produced
an mhibition of 56 per cent on the rate of oxidation of ascorbic

acid with copper as a catalyst (Fig. 5) suggested that in the

successive reactions which occur in this process the reoxidation of

cuprous ions by atmospheric oxygen was performed at the slowest

rate, thus determining the net tempo of the whole reaction.

Filson and Walton (20) have made the statement, although no
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dat8i arc found in their paper, that a change in temperature of

10° (from 30° to 40°) '‘had very little effect on the rate of reaction''

of cuprous to cupric chloride by atmospheric oxygen. We deter-

mined the temperature coefficient for the oxidation of ascorbic

acid with copper as catalyst at 27° and 37°, at pH 3.17, and a
ratio of ascorbic acid to CuCh of 100 : 1. Three experiments, with
three vessels for each experiment, were performed, and a value

of 1.65 for Qio was found (Table III), a low value, which would
seem to be in agreement with Filson and Watson's claim and
would appear to favor the suggestion made above that the reoxi-

dation of cuprous chloride is the reaction which governs the rate

of oxidation of ascorbic acid.

Reversible Reduction of Ascorbic Acid Oxidized by Atmospheric

Oxygen with Copper As Catalyst

Tillmans, Hirsch, and Dick (21) drew a clear distinction be-

tween the reversible and irreversible oxidation of ascorbic acid,

maintammg that the first kind of oxidation could be brought

about by iodine, H2O2, or Clark's 2,6-dichlorophenol, and be re-

versed with H2S, whereas oxidation by atmospheric oxygen pro-

duced an irreversible oxidation. The reversible oxidation of

ascorbic acid by mild oxidizing agents has been confirmed by
Johnson (22) . The so called irreversible oxidation by atmospheric

oxygen has been accepted. The degree of reversibility of the

oxidation product of ascorbic acid is, we believe, a function of the

hydrogen 1011 concentration and is mdependent of the nature of

the oxidizing agent. Borsook and Keighley (6) have already

pointed out that the difficulty m obtaining thermodynamically

reversible potentials with ascorbic acid in solutions beyond pH
6.0 is due to its irreversible oxidation, and Wurmser and de

Loureiro (23) determined by the mdicator technique, at different

pH values, the half life of the reversible oxidation product of

ascorbic acid. The experiments on the chemical reversibility of

ascorbic acid oxidized by atmospheric oxygen were performed as

follows: Solutions of ascorbic acid m buffers of varymg pH values

were divided into four parts. Part A was transferred to a War-

burg vessel containing 0 2 cc of CuCb (0 7 mM per liter)
,
where

it was shaken at 25° until oxidation was complete; Part B, the

control, was immediately titrated with 0 01 n iodine; Parts C
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and D, to which CuCh was added (0.7 mM per liter), were shaken

in air until there was no further oxygen consumption in the

Warburg vessel. Part C was titrated and invariably found to

contain no more ascorbic acid; Part D was kept withH2S bubbling

through it for 3 hours. (In the case of solutions of pH values of

6.6 and 7.3, some citric acid was added to bring the pH to 4 0 in

order to have H2S in its undissociated form ) The flasks were

then weU stoppered and kept in the ice box overnight. On the

followmg day purified nitrogen was passed through them for 5

hours, and the solutions then filtered (to separate the copper

Tabiib IV

ReversiUe Reduction of Ascorbic Add Oxidized by Atmospheric Oxygen

with CuQlz As Catalyst

Concentration of CuCb, 0 77mM per liter; T, 25°.

pH

Ascorbic acid

,
Eecovered 1

Tune shaken
1 in air

Before
oxidation

Eecovered
after reduction

witliHiS

mg mg percent mtn.

3 17 14 60 14 60 100 0 60

4 16 10 00 10 00 100 0 52

5 06 10.00 9 60 96 0 40

5.10 9 21 8 19 89 0 60

6 60 6 43 4 65 72.3 29

6 70 12 00 1 8 28 69 0 30

7 36 13 00 2.49 19 2 30

7 60 14 60 0 69 4 7 60

sulfide) and titrated with iodine. As can be seen in Table IV,

below pH 4.16 ascorbic acid was entirely recovered after reduction

of the oxidized form by H2S. At pH 5 0 there was also almost

complete recovery; at pH 6 6, 70 per cent recovery; but at pH
7.6, there was only 4 per cent recovery. We attempted to reduce

the dehydroascorbic acid with hydrogen in the presence of col-

loidal palladium at pH values of 6.60 and 3,17. At the end of

3 hours we were unable to detect any reduction. Similar negative

results have been reported by Tillmans and coworkers (21) and
by Daubney and Zilva (24),
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SUMMABT

Ascorbic acid is not autoxidizable in acid and neutral solutions

up to pH 7.0. It is autoxidizable in alkaline solutions, the rate

of autoxidation increasing considerably as the pH
Among the metallic salts tested (Mn, Ni, Fe, Co, Ca, Cu) copper

is the only catalyst for the oxidation of ascorbic acid, its catalytic

action being noticed in concentrations as small as 46 micrograms
of copper per liter. This catalytic effect is completely inhibited

by 0.001 M KCN, and to the extent of 80 per cent by mixtures

of COtOa of 95:5. When this oxidation is performed m acid and
neutral solutions, there is an uptake of oigrgen of 1 atom per

molecule of the substrate. The oxidized form can be completely

reduced by H2S up to pH 5.0 Above this pH the amount of

ascorbic acid recovered gradually decreases until at pH 7.6 only

4 per cent of the oxidized form can be recovered as ascorbic acid.

Hydrogen in the presence of colloidal palladium does not reduce

oxidized ascorbic acid.

The temperature coefficient for the oxidation of ascorbic acid

by oxygen -with copper as catalyst is 1.65.

Electromotively active oxidation-reduction systems of smtable

potential can also act as oxidizing catalysts. The hemochromo-

gens of nicotine, pyridine, and pilocarpine, taken as representative

examples, were found to act as catalysts. The mechanism of

the oxidation of ascorbic acid by atmospheric oxygen in the

presence of catal3^ts has been discussed.

After this paper was sent in for publication there came to the

authors’ attention two recently published communications bearing

a relation to our experiments. Mawson (25) and Kellie and Zilva

(26) have reported on the stability of ascorbic acid in the absence

of catalysts, and on the catalytic power of copper. Kellie and

Zilva report also that "the oxidation catalysed by Cu was very

much slower when NaCl (0.1 m) was present.” We found no

such inhibiting effect in our experiments. In fact, 0.02 mw of

ascorbic acid m phosphate buffer -f 0.1 m NaCl, with 0.0002

mM of CuCh as catalyst (final pH, 6.00), was half oxidized in 16.2

minutes. In Table II it can be seen that at the same pH value,

without NaCl, ascorbic acid was half oxidized in 15 minutes.

On the other hand, the addition of amino acids, through the
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formation of copper complex salts, retarded the rate of oxidation

considerably. Thus in the presence of 0.1 M glycine (pH 6.00),

half oxidation of the ascorbic acid required 30 mmutes. (The

copper-glycine complex gives no color reaction with Kolthoff^s

reagent.)
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The study of the hydrolytic action of pancreatic lipase demands
the recognition of several factors, only by the rigorous control of

which is it possible to secure experimental data which are readily

reproducible. Among these factors are four which are of primary

importance. They are concerned with (1) adequate control of

pH, (2) proper emulsification of the digestion mixture, (3) the

use of enzyme preparations free from insoluble impurities, (4) the

adoption of the initial velocity of hydrolysis as the basis of com-

parison in kinetic investigations. In the present work an effort

has been made to control experimental methods and conditions in

conformity with all four factors.

The purpose of the work was twofold: (1) the preparation of

active, homogeneous, and stable solutions of pancreatic lipase by a

method which yields products of consistent activity and uniform

nitrogen content, (2) the application of methods of measuring the

initial velocity of reaction to the study of the relative rates of

hydrolysis of various substrates and the influence of pH, nature of

buffer, enzyme concentration, and substrate concentration on the

rate of hydrolysis.

Materials and Methods

'^Enzyme -Preparation—^Fresh pig pancreas was freed of superficial

fat and extracted with ether, acetone-ether, and acetone in a

manner essentially similar to that described by Willstatter and

Waldschinidt-Leitz (1). The fat-free product, dried and ground

to a fine powder and kept in a desiccator at 5°, retained its com-

plete lipolytic activity for more than a year Extracts were

prepared by triturating the powder (8 gm ) with water or 50 per

641
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cent aqueous glycerol (100 cc.) and shaking at 37° for 3 hours.

The solutions were rendered perfectly clear by prolonged centrifug-

ing (up to 3 hours at 1800 R.P.M.) followed by Seitz filtration. On
standmg at 5° the clear solutions became somewhat opalescent m
6 weeks and began ’to lose their lipolytic activity after this time.

The mtrogen content of several clarified aqueous glycerol extracts

varied from 0.19 mg. to 0.26 mg. per co., representing approxi-

mately 0.16 per cent protein. No further attempts were made to

purify the enzyme. Ilxtracts prepared by using 10, 20, 30, and 40

per cent glycerol were less stable than 50 per cent extracts; the use

of higher concentrations of glycerol yielded final Seitz filtrates

which were unnecessarily viscous.

/ Egg AWumm Solution—

2

gm. of powdered egg albumin were

dissolved in excess ammomum hydroxide; the solution was freed

of ammonia by aeration, reduced in volume at low temperature,

filtered through cotton wool, and made up to 100 cc.

/ Emulsifying Agmt— 10 per cent solution of gum acacia was

filtered through cotton wool, dialyzed against disfilled water for

24 hours, and diluted to 5 per cent. Neutral sodium oleate served

occasionally as an alternative emulsifier.

Fresh solutions of gum acacia and of egg albumin were prepared

each week.

^ Buffer—^Ammoniarammonium chloride buffer was prepared by
noixing 66 parts of u ammonia and 134 parts of N ammonium
chloride, the mixture having a pH of 8.9 at 30°.

^ Substrates—^Monoacetin, diacetin, triacetin, tripropionin, tri-

butyrin, trivalerin, tneaprom, the methyl, ethyl, and propyl esters

of formic, acetic, propionic, and butyric acids were used as sub-

strates. .

Measurement of Rate of Hydrolysis of Glycerides—^Each reaction

mixture, containing the following components, was rocked mechan-
ically in an L-tube at 37° : 30 cc. of COj-free distilled water, 2 cc.

of CaCh solution (1 per cent), 5 cc of egg albumin solution (2 per

cent), 6fig. of buffer solution, pH 8.9, 10 cc. of emulsified anb-

s^Slie (cmcentration of glyceride in digestion mixture equiva-

lent to 0.166 m), 1 <?c. of enzyme solution . Samples (10 cc.) were
removed for titration at 6 minute intervals, accurately timed by
stop-watch to the nearest second, and were quickly transferred to

flasks containing 25 cc. of 96 per cent alcohol. The pipette was
washed several times with the alcohol solution. After 10 minutes
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the precipitate was removed by filtration and 25 cc. of the filtrate

were titrated with 0.06 n NaOH, with cresolphthalein. The titra-

tion value of a control filtrate obtained from a mixture containing

boiled enz3raie but otherwise identical with the active digest was
taken to represent the zero point. To obtain reproducible results

it was necessary to delay addition of the enzyme until the other

components of the digestion mixture had been thoroughly emulsi-

fied by vigorous shaking and had attained the temperature of the

water bath. A small glass vessel containing the enzjme was
then dropped mto the tube and the latter was shaken by hand, m
the bath, for 30 seconds. A progress curve was constructed for

each digestion and the initial velocity of hydrolysis was evaluated.

The initial rate was usually constant for 6 or 8 minutes under the

conditions adopted; in cases where linearity fell off more quickly

imtial velocities were determined by the method of Hanes (2).

The pH was measured electrometrically.

With the aid of this procedure it was possible to obtain prac-

tically identical values for the initial rate of hydrolysis of a tri-

glyceride, present in a given concentration, by equal amounts of

enzyme extracts prepared in a standardized manner from the

same lot of pancreas powder at different times extendmg over

several months.

+ Measurem&nZi>f Bate of Hydrolysis of Aliphatic Esters—^In the

case of these compounds it was not possible to determine so

accurately the initial rate of hydrolysis due to the fact that the

“esterase” activity of pancreatic extracts is relatively low. The

changes occurring in 30 minutes at 37° were, therefore, taken as the

basis of comparison. Each reaction mixture contained the follow-

ing materials; 10 cc. of COrfree distilled water, 1 cc. of CaCl2

solution (1 per cent), 1 cc. of egg albumin solution (2 per cent),

2 cc. of gum acacia solution (5 per cent), 6 cc. of buffer solution,

pH 8.9, 0.085 M substrate, 2 cc. of enzyme solution. At the end

of the digestion period the reaction in each tube was stopped by
the addition of 30 cc. of 95 per cent alcohol and the acid in the

filtered solution was measured by titration.

HXPBIOMBNTAL

The data iu Table I serve to illustrate the order of magnitude of

the titration figures obtained, the substrate having been present

initially in a concentration corresponding to 0 166 m. The figures
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represent the amount of acid liberated in 7.14 co. of a digestion

mixture prepared as previously described.

Hydrolysis of Mono-, Hi-, and Triacetin—The initial rate of

liberation of acid from 1,3-diacetm was exactly twice that from

monoacetin, initially present in equimolecular concentration,

indicating that glyceride linkages 1 and 3 are broken at the same

rate. But the rate of hberation of acid from triacetin, present in

the same molar concentration, was only 2.66 times that from

monoacetin, suggesting that the middle ester linkage is leas readily

attacked than the two end-linkages It is assumed that the end-

hnkagesm triacetin, as in diacetm, are hydrolyzed at the same rate.

In aU experiments control tubes containing no enzyme were

incubated along with experimental tubes.

^ Rates of Hydrolysis of Tnglycmdes cf Lower Fatty Acids—The

triglycerides previously listed and present, in their respective

digests, in the same concentration (equivalent to 0.166 m) were

TabiiB I

Hydrolysis of Tribvtyrvn ai $7°

Time, min .
«

|

0 5 10 16 20 26

0 1 N acid liberated, cc .

,

0 0 65 1 30 1 85 2 25 2 65

hydrolyzed at different imtial rates. In every case tripropiomn

was hydrolyzed most rapidly; a typical experiment yielded the

following results, the figures being related to an arbitrary value of

100 for tripropionin.

Substrate
Belativo initial

rate
of hydrolysis

Triacetin. . 53

Tripropiomn ... , ... 100

Tributyrm. . . .... 87

Trivalerin.... * . . . 40

Tricaproin. . . .. 1 71

The rates of hydrolysis of the various triglycerides do not appear ''

to fall in any logical order in relation to the molecular weights of

the compounds.

Hydrolysis of Esters—^In Table 11 are recorded titration values
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which express the degree of hydrolysis of different esters, each

present initially in 0.085 m concentration The amount of hydrol-

ysis increases with the length of the fatty acid cham but decreases

with increase in the length of tjbe alcohol chain. Glick and King

(3) observed that the inhibitory effects of alcohols (methyl to

nonyl) on liver esterase increase with increase in length of the

carbon chain. Each titration figure in Table II represents a

corrected value after taking account of the acid liberated in control

tubes containing boiled enzyme. Of all the substrates in control

tubes, the formates were the most unstable; the spontaneous

hydrolysis of ethyl formate was the most rapid.

4^ Enzyme Concentration and Reaction Velocity—In a study of the

hydrolysis of olive oil, during a period of 60 minutes, by different

amounts of a pancreatic lipase preparation, McGillivray (4)

Table II

Hydrolysis of Related Bsters

0 05 N acid in 25 cc of filtrate

Formate Acetate Propionate Butyrate

cc cc oc cc

Methyl . 1 05 2 00 2 10 2 45

Ethyl . 0 30 1 80 1 90 2 00

Propyl . . . 0 15 1 65 1 80 1 85

obtained titration figures which, when plotted against relative

enz3rmo concentration (abscissa), gave a parabola. In view of the

fact that the linearity of progress curves representing lipolysis

frequently disappears after the first few minutes of digestion, the

use of any titration figures other than those representing initial

velocities m establishing a relationship between enzyme concen-

tration and reaction velocity is open to criticism. It has been

found in the present work that, over a considerable range of

enzyme concentration, the initial velocity is directly proportional

to the concentration.

^ pH and Reaction Velocity—In Table III are recorded pH optimS

obtained by several workers for pancreatic enzymes acting under

various conditions. Obviously, it is impossible to designate any

specific pH as the optimum for the enzyme Since many of the
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recorded data were based on titration values obtained after

digestion intervals considerably beyond the time when it might

be expected that the linearity of the progress curves had disap-

peared and that the pH had reached levels appreciably below the

values, experiments were conducted to determine the

relation between pH and initial velocity. The certainty of

optimum pH values based on rates of lipolysis other than initial

rates is open to serious doubt.

With phosphate-borate buffers (Kolthoff (8)) the optimum was

found to be pH 7.2 for both tripropionin and methyl butyrate.

The former substrate exhibited a narrow optimum pH range and

the activity-pH curve dropped sharply on either side; the optimum

range for methyl butyrate was much broader. In the presence of

Table III

Action of Pancreatic Enzymes under Vanov>s Conditions

Reference Substrate Buffer
Optimum

pH
found

IJmeda (5) Olive oil Phosphate 7 4

Willstatter and Waldschmidt- tt tt NH8-NH4CI 9 2

Leitz (1) Tributyrin it 8 a

Platt and Dawson (6) Ethyl butyrate Phosphate 6 9
it it Borate 8 6

Anrep, Lush, and Palmer (7) Olive oil Phosphate 7 8

glycine buffer most rapid hydrolysis of tripropionin occurred at

pH 9,3, In no case was there any evidence of a dip in the curve

such as that observed by Sobotka and Glick (9) who studied the

esterase activity of liver and pancreas.

Substrate Concentration and Reaction Velocity—Recent observa-

tions made by Sobotka and Glick (10) on the influence of sub-

strate concentration on the rate of hydrolysis of various substrates

by the lipolytic enzymes of liver and pancreas have led these

workers to conclude that the enzyme systems concerned function

in conformity with the theory of Michaelis and Menten. In each
of their experiments four concentrations of substrate were usually

employed, all within the limit of its solubility. In the present

work ten concentrations of tripropionin, corresponding to the
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range 0.016 to 0.16 M, were used in each of three experiments.

The initial velocity was directly proportional to the substrate

concentration up to 0.128 m, after which the curve flattened,

analysis of the data did not reveal satisfactory agreement with the

Michaelis theory. Further experiments on the affinity of the

lipase for various substrates are now in progress.

smotiRT

*^The rate of hydrolysis of glycerides and alkyl esters of fatty

acids by pancreatic lipase was investigated, with the results

summarized below. The digestions were carried out in the pres-

ence of egg albumin, gum acacia, and calcium chloride.

1. Triglycerides were hydrolyzed at initial rates decreasing in

the following order: tripropionin, tributyrin, tricaproin, triacetin,

trivalerin, .

2. The initial rates of acid liberation from equimolecular

amounts of monoacetin, 1,3-diacetin, and triacetin were in the

ratio 1:2:2.66. The middle ester linkage of the triglyceride is,

apparently, more slowly hydrolyzed than the two end-linkages

3. On comparing the rates of hydrolysis of the methyl, ethyl,

and propyl esters of formic, acetic, propionic, and butyric aci^,

it was observed that the rate increased with an increasing number

of carbon atoms in the acid radical but decreased with an increas-

ing length of the alcohol radical.

4. With phosphate buffer the initial rate of hydrolysis of tripro-

pionin and of methyl butyrate was greatest at pH 7.2 With

glycine buffer the optimum pH for the hydrolysis of tripropionin

was 9.3.

5. The initial velocity of hydrolysis vaned directly as the

enzyme concentration.

6. The initial velocity was directly proportional to the concen-

tration of tripropionin in the range corresponding to 0.016 to

0.16 M. Velocities calculated from the Michaehs equation did

not agree satisfactorily with the observed velocities.

The writers are indebted to Mr. L. Rabinowitch for permission

to use the results of experiments on the influence of glycine buffers

on reaction velocity.
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In the case of hpolytic en237ines practically nothing is known
concerning the chemical nature of the groupings, in their mole-

cules, which are associated with their peculiar activity.'^he
precipitation experiments of Glick and King (1) suggest that

either pancreatic lipase itself is a globuhn or its activity is very

intimately bound up with globulm. The work of Murray (2)

indicates that the enzyme contains essential chemical groups which

react with the carbonyl group of ketones.

The experiments to be reported in the present paper are con-

cerned with the effects of various compounds on the activity of the

enzyme and were undertaken with the hope that the results might

lead to some further understanding of the nature of the Teactive

groups and assist in the formulation of a logical mterpretation of

lipase action.

Materials and Methods

The substances whose effects were investigated mcluded ketones,

aldehydes, cyanides, cyanate, thiocyanate, heavy metals, thiol

compounds, quinone, polyhydric alcohols, halogen derivatives of

fatty acids, halides, bile salts.

The degree of inhibition or of activation was calculated after

determination of the initial velocity of hydrolysis of tripropionin

in the presence and absence of the various substances. The

enzyme preparation was a clarified 50 per cent of glycerol extract

of pig pancreas powder; the experimental procedure for determin-

ing the rate of hydrolysis was identical with that previously

649
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described (3). The digestion mixtures were buffered at pH 8.9

With. ammoiua-aBHUouiuiii chloride buffer; the temperature was

37°. Whenever necessary the solutions of the compounds were

adjusted to the proper pH before addition to the enzyme solution.

Prior to their addition to the other components of the digestion

mixture the enzyme and the compound under mvestigation were

allowed to remain m contact at 37° for varying periods of time.

The enzyme to be added to control tubes was similarly treated

with water eqmvalent m volume to that of the inhibitor solution

employed. It was frequently observed that the degree of retarda-

tion or of acceleration of the activity of the lipase was dependent

upon the duration of this preliminary contact.

Each reaction tube contained the following substances: 30 cc.

of COa-free distilled water, 2 cc of CaCh solution (1 per cent),

6 cc. of egg albumin solution (2 per cent), 6 cc. of ammonia-ammo-

mum chloride buffer, pH 8.96, 10 cc. of tripropionin emulsion,

giviag a concentration m the digestion mixture equivalent to

0.166 M, 2 cc. of enzyme solution containing the compound under

investigation. In the experiments on the effects of the halides,

calcium chloride was omitted as a standard constituent.

It should be stated that, m considering the data m Tables I to

VIII which follow, inhibitions or activations of less than 5 per cent

of the normal rate are regarded as being of doubtful significance.

In each table the figures represent the relative initial velocities of

hydrolysis effected by the enzyme treated with the various com-
pounds, the results being expressed as percentages of the initial

rate of hydrolysis obtained with untreated enzyme.

EXPERIMENTAIi
*

Ketones and Related Compounds—^In confirmation of Murray^s
findings, ketones are observed (Table I) to exercise marked inhib-

itory effects, probably by attachment of the carbonyl group to

reactive groups in the enzyme molecule The degree of inhibition

depends upon the time of preliminary contact between enzyme
and inhibitor and is influenced by the molecular volume of the

mhibitor, by the number of carbonyl groups present, and by the

presence or absence of the benzene ring in the inhibitor molecule.

Conversion of a ketone to the corresponding oxime (c/. ethyl

methyl ketoxime) does not destroy the inhibitoiy capacity of the
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compound. The reactive forces in the oxime are probably the

residual valencies of the nitrogen and oxygen atoms. The molec-

ular volumes listed m Tables I and 11 were calculated from the

data of Sugden (4).

Aldehydes—With the exception of paraldehyde, all aldehydes

investigated caused marked inhibition of activity (Table 11).

The degree of inhibition increased with rising molecular volume
in the senes comprising formaldehyde, acetaldehyde, butyralde-

hyde, and heptaldehyde; this progressive mcrease becomes appar-

Tabm I

Influence of Ketones on Rode of Hydrolysis

Concentration of inhibitors in digestion mixtures, 3.7 X 10“’ M.

Tune of prdiminary oontaot of enzyme I

with inhibitor

0 6 10
1

16 BBBB Molecular
znin mm mm mm mm

1I

min.
1

volume*

Rato of hydrolyaia as per cent of I

control rate

Acetone . 105 76 57 48
1

45 37 161 6

Ethyl methyl ketone 100 100 76 47 37 33 198 2

Diethyl ketone 100 74 62 41 40 29 236 2

Dipropyl ** 100 79 60 40 25 16 240

Methyl n-hexyl ketone 63 28 26 19 14 12 260

Acetyl acetone 0 39 29 16 2 0 207

Acetophenone. ... ... 42 2 0 0 0 0 310

Cyclohexanone. 74 58 42 34 14 7 249

Cyclopentanone . 86 50 44 31 25 19 212 5

Ethyl methyl ketoxime 100 60 65 32 24 10 22S 8

* Calculated from the data of Sugden (4).

ent after 10 minutes preliminary contact with the enzyme On
the other hand paraldehyde, present in the same concentration,

was very much less inhibitory, although its molecular volume is

greater than that of heptaldehyde. The normally reactive

carbonyl groups of the aldehydes are not free in paraldehyde, the

oxygen atoms being components of the ring. Aldol, containing a

secondary alcohol group in addition to the aldehyde group, was

more strongly inhibitory than but3nraldehyde. Benzaldehyde was

very strongly inhibitory, slightly more so than heptaldehyde,

although their molecular volumes are almost identical. Benzene
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itself was found to be inert when present in an amount equivalent

to tbe concentration of the other substances tested. However,

benzene is not sufficiently soluble in water to yield a solution of

this concentration, to this fact one might attribute its apparent

inertness, or it may be due to the absence of a reactive group in

the molecule. On comparmg the inhibitory capacities of heptal-

dehyde and methyl Mrhexyl ketone, compounds having approxi-

mately equal molecular volumes, it is apparent that the aldehyde

is much more toxic than the ketone.

It should be stated that the concentrations of the various com-

pounds listed in Tables I to VIII represent the concentrations of

Table II

Influence of Aldehydes on Rate of Hydrolysis

Concentration of inhibitors in digestion mixtures, 3 X 10~’ m.

Time of conteot

Molecular
volume

0 1

mm
1

5
mm

10
min

16
1 znin

30
mm

60
min

Bate of hydrolysis as per cent of
control rate

Formaldehyde . . . 111 86 76
1

72 61 54 82 2

Acetaldehyde . 92 84 64 mm 34 24 121 2
Butyraldehyde 73 67 47 20 2 198

Aldol , 65 43 36 2 0 0 208

Heptaldehyde * . , 43 16 2 1 0 0 267

Paraldehyde . 97 97 97 97 93 87 279

Benzaldehyde -* - * 63 2 0 0 265

the substances in the digestion mixtures. During preliminary

contact with the enzyme each compound was present in the en-

zyme solution in a concentration 27 times the recorded value.

Heavy Metals—^In Table III are summarized the results of

experiments on the inhibitory powers of salts of heavy metals

determined m the usual way after 15 minutes contact of eazyme
with metallic compound In contrast to their relative inertness,

in concentrations of the order of 10~* m, toward the proteinase

component of sunilar enzyme preparations (5), the salts of heavy
metals exercised a marked inhibitory influence on the activity of

the lipase when present in concentrations of the order of 10“® u.

From the pomt of view of absolute values the figures in Table III
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are of doubtful significance, however, since the enzyme prepara-

tions, like many others which have been subjected to studies of

this kind, probably contained quite large amoimts of impurities

Confirming the results of Platt and Dawson (6) and of Corran

(7), copper was found to be more toxic than mercury in the same
concentration. The opposite effect was obtained by Jacoby (8)

for urease. Ferric sulfate was more toxic than the ferrous salt.

Cyanide
j
Cyanate, and Thiocyanate—^Table IV shows the results

obtained with these compounds. BothKCN and CHaCN appeared

to activate the lipase, the former more extensively than the latter.

In each case the range of concentration associated with activation

Table III

Influence of Salts of Heavy Metals on Rate of Hydrolysis

Preliminary contact of enzyme with inhibitor, 15 minutes

Salt concentration (X 10'*^ m)

05 10 15
1

20

Bate of hydrolyBia as per cent of control rate

CuS04 85 54 42 20

HgClj 100 81 72 56

Fe,(SO0» . ... 91 78 61 45

FeSOi.. . ... 100 100 83 79

CoCl. 77 54 50 35

Colloidal iron* 93
'

93 76 73

* Concentration expressed in terms of molarity.

was quite narrow. Cyanate and thiocyanate were mert when

used in the same concentrations as the cyanides By plotting

per cent activation against KCN concentration a smooth curve was

obtained, showing maximum activation with about 6 X 10“*® m
KCN. This, of course, is the concentration in the digestion

mixture; in preliminary contact with enzjrme, as previously stated,

the cyanide was present in 27 times this concentration. As shown

in Table Y it requires an appreciable time for the full influence of

the cyanide on the enzyme to become manifest (m this experiment

only after 16 mmutes preliminary contact at 37°).

Activation by cyanide has previously been observed in the case

of several other enzymes including papain, bromelin, cathepsin;
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the subject has been reviewed by Grassmann (9), by Murray

(10), and by Tauber (11). Potato amylase was shown by Barker

(12) to be susceptible to cyanide activation, and very recently

Farber and Wynne (6) made a similar observation in the case of

pancreatic proteinase.

Table IV

Influence of Cyanide and Cyanates on Rate of Hydrolysis

Preliminary contact with enizyme, 15 minutes

Concentration (X 10“« m)

1 25 5 ni I

20 mn 50

Bate of hydrolyais as per cent of control rate

Potassium cyanide .

.

Methyl cyanide (acetoni-

110 130 149 135 96 65

trile) 109! 118 113

Potassium cyanate, .
!mmmm wm mmmmmm

thiocyanate 97 6 97 51^1^g 103g
Table V

Influence of Duration of Preliminary Contact of Enzyme with Cyanide on

Degree of Activation

Concentration ofKCN in digestion mixture, 5 X 10"® m.

Time of contact Bate of hydrolysis as per cent of control rate

min.

0 100

5 120

10 130

15 150

30 149

60 160

Sulfur Compounds—In recent years several enzymes have been

shown to be affected by the presence of thiol compounds; m some
cases activation occurs. The mfluence of such compounds on
enzyme activity has recently been reviewed by Bersin (13) . Smce
pancreatic lipase has not, apparently, been mvestigated from this

point of view, the experiments summarized in Table VI were

carried out.

The enzyme and sulfur compound were allowed to remain in
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preliminary contact for 60 minutes; otherwise the conditions were
identical with those of previous experiments. Each of the com-
pounds, cysteine, thioglycolic acid, and sodium hydrosulfite,

caused definite activation when present in certam concentrations.

Sodium sulfide and sodium bisulfite were inhibitory. The effects

could not be attributed to change of pH since this was carefully

controlled in all experiments.

The extent of the present work does not permit any conclusion

as to the mechamsm of lipase activation by thiol compounds.
There is, however, no evidence to indicate that they exercise their

effects by the reduction of toxic quinones, present as impurities,

to dihydric phenols in the manner suggested by Quastel (14) to

explain the protective action of thiol compounds upon urease in

Table VI

Influence of Sulfur Compounds on Rate of Hydrolysis

Preliminary contact with enzyme, 60 minutes

Concentration in digestion mixture (X 10“* m)

1
I

2 3 4
I

5 6 7 10 26

Rate of hydrolysis as per cent of control rato

Cysteine 100 112 127 124

Thioglycolic acid . . . 100 96 108 116

Sodium sulfide . . . 100 96 89 84
“ hydrosulfite . 100 107 116 122
“ bisulfite

'

90 78 68

the presence of quinone or of compounds containing quinone as an

impurity. It is probable that the amounts of quinone and related

compounds in the enzfyme preparations used in our experiments

were negligible in view of the high solubility of these compounds in

the solvents used m the treatment of the wet pancreas. Further-

more, quinone in fairly high concentration has been shown to be

only moderately inhibitory toward pancreatic lipase, very much
less so than toward urease, which Quastel found to be 98 per cent

inhibited by quinone in a dilution of 1 : 2,600,000.

Phenol
j
Polyhydnc PhenolSj and Related Compounds—^The effects

of several phenolic compounds on the activity of the enzyme after

60 minutes preliminary contact at 37° were examined. Four

concentrations of each compound in the digestion mixture were

TSm JOITBNAl, OF BIOLOGICAL CHDMISTIIT, VOL. 112, NO 2
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used; namely, 6, 7, 10, and 25 X 10~* m; in preliminary contact

with enzyme the compounds were present in concentrations 27

times these values. Included in the experiment were phenol, m-

cresol, o-cresol, nitrophenol, catechol, resorcinol, hydroquinone,

orcinol, guaiacol, phloroglucinol, pyrogallol, and inositol. Of

these, only nitrophenol, catechol, resorcinol, hydroquinone, and

orcinol had any appreciable influence, the degrees of inhibition by

the highest concentration being 16, 12, 19, 33, and 20 per cent

respectively. The inhibitory capacity of the dihydric phenols

appears to increase with increased separation of the hydroxy

groups. The presence of the methyl group, as in the cresols and

orcinol, does not affect the toxicity of the parent compound; the

mtro group, however, definitely increases the toxic properties of

the phenol.

Otihoguinone—This compound, after 60 mmutes contact with

enz3nne at 37°, caused inhibition of activity as follows, the concen-

trations hsted being those in the digestion mixtures.

Concentration Inhibition

X I0-* 31 per cent

1 (About 1:100,000) 0

2 5

3 10

4 20

It was diflicult to be certain of the results when concentrations of

quinone higher than 5 X 10~^ M were used, owing to color inter-

ference with the titration end-pomt. When the results with

inhibition (c/. Table I) by a substance such as acetophenone, in

winch theketo group is a part of the aliphatic chain, are compared,
it is apparent that mclusion of the group m the aromatic ring

reduces its effectiveness as an inhibitor.

Halogen Dertvahves of Fatty 'The three compounds,
chloro-, bromo-, and lodoacetic acid, inhibited the activity to an
extent increasmg in the order named (Table VH). Dickens

(15) and Michaehs and Schubert (16) have suggested possible

explanations of the mechanism of enz3une inhibition by these

compounds Dickens’ study of the speed of the reaction between
glutathione and the three monohalogen derivatives of acetic acid
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led him to conclude that the reaction is bimolecular and results

in the liberation of the corresponding hahde and the formation of a
thio ether

It—SH + ICH2COOH = R—S—CH2—COOH HI

Extendmg the consideration of this reaction to the inhibition of

glyoxalase by monoiodoacetate, Dickens concluded that the

inhibitor inactivated the enzyme system by combination with the

coenzyme, glutathione. He found, furthermore, that iodo-,

bromo-, and chloroacetic acids reacted with glutathione with

relative speeds expressed by the ratio 15:9:0 16. In the present

work it was found that, when present in the concentration 10^^ M,

the three compounds inhibited lipase activity to an extent ex-

pressed relatively by the figures 16, 11, and 4 for the iodo, bromo,

and chloro acids respectively There is, therefore, some resem-

blance between the relative inhibitory capacities of the compounds
on the one hand and the relative speeds of their reaction with

glutathione on the other. Since it has been shown that sulfhydryl

compounds activate the lipase, it is quite possible the halogen

acetic acids may, at least partially, inactivate the enz3mie by
reacting with a natural sulfhydryl activator in the manner sug-

gested by Dickens or with an essential —SH component of the

enzyme molecule

Michaelis and Schubert have, however, pointed out that lodo-

acetic acid reacts quite easily with ammo groups as follows:

RNH2 -I- 2ICH2COO]S[a + 2NaOH RN(CH2COONa)2 + 2NaI + 2H2O

and that the iodo acid is probably more reactive than the bromo

and chloro compounds. In the case of the inhibition of enzymes

by lodoacetic acid, Michaelis and Schubert have suggested that at

pH7 to 8 the point of attack of this acid may be considered as a

—SH group provided this is confirmed by other evidence, but,

^Tf the effect of lodoacetic acid occurs only at pH > 7 or 8, the

point of attack may be just as well an amino group.”

From the evidence available it is impossible to decide whether

reaction with the —SH group or the —NHa group or with both

groups takes place during the inhibition of lipase activity by the

halogen acetic acids. The susceptibility of the enzyme to inhibi-

tion by aldehydes and heavy metals suggests that an amino group
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may be an essential constituent of the enzyme; if so, the halogen

acetic acids may quite possibly cause inactivation by imion with

this group.

Haikdes—^Inhibition by these compounds increased in the order

chloride, bromide, iodide, fluoride (Table YHI). With the excep-

tion of fluoride these anions exercised effects in conformity with

their positions in the lyotropic series; fluoride, however, was quite

definitely the most toxic of all. Haldane’s suggestion (17) that

Table VII

Influence of Monohalogen Derivatives of Acetic Acid on Rate of Hydrolysis

Prelimmary contact witb enzyme, 60 minutes.

1

Concentrationm digestion mixturo (X m)

1 26 3 6 8
1

10

Rate*of hydrolysis as per cent of control rate

Chloroacetic acid 96
I 92 92

Bromoacetic “
. .

.

82 78
lodoacetic .... 100 72 68

Table VIII

Influence of Halides on Rate of Hydrolysis

Preliminary contact with enzyme, 60 minutes.

Concentrationm digestion mixture (X 10“* m)

6
1

1

7
1

10 26

Rate of hydrolysis as per cent of control rate

NaCl . . . . . . 96 i 89 81 73
NaBr . . 84 77

1

66 68
Nal 82 74 64 62
NaF . .. ,| 66 54 46 36

the inhibition of lipases by fluoride, observed by Hona and Pav-
lovi6 (18), is due to its position in the Hofmeister series cannot,
therefore, be regarded as offering a completely satisfactory expla-
nation.

Bih 5otts—Willstatter and his collaborators (19, 20) observed
that bile salts activated pancreatic hpase in an fl.nfH.1inA medium
but caused inhibition m an acid medium. Ghck and TCing (21)
studied the effect of bile salts on the rate of hydrolysis of tnbutyrm
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by pancreatic lipase in a medium whose pH soon fell below 7.0 as

the digestion proceeded. Both sodium taurocholate and glyco-

cholate caused inhibition. In the presence of sodium oleate the

rate of hydrolysis of emulsified olive oil by lipase was accelerated

by both bile salts; the pH of the mixtures was not stated. The
present experiments were carried out at pH 7.2 controlled by
phosphate buffer; only initial velocities were used in calculating

the relative rates. The tripropiomn was emulsified by means of

sodium oleate and the bile salts were in preliminary contact with

the enzyme for 60 minutes at 37°. At approximate neutrahty the

bile salts, when present in the digestion mixtures in concentrations

ranging from 0 5 to 4 X 10“^ m, neither activated nor inhibited

the enzyme.

piBCUSBION

x/the results as a whole show that the activity of the enzyme was

affected by the presence of widely different chemical compounds.

The ketones and aldehydes were definitely inhibitory when their

reactive groups were free, indicating that the carbonyl group forms

some sort of attachment with reactive groups in the enz3ane mole-

cule; the inhibitory capacities of closely related ketones and of

closely related aldehydes bore a more or less direct relationship

to the molecular volumes of the compounds. The evidence indi-

cates that the inhibitory power of aldehydes is greater than that

of related ketones having the same molecular volume. Heavy
metals were inhibitory; cyanide activated the enzyme. The

mechanism of this activation is not clear but prelimmary experi-

ments indicate that it is not entirely due to removal of toxic metals.

Sulfhydryl compounds caused activation but apparently not, as

in the case of urease, by reducing toxic quinones present as im-

purity to the corresponding alcohols. Phenol and the cresols

were relatively inert, but the presence of the nitro group increased

the toxicity. The inhibitory capacity of the three dihydroxy-

phenols increased with increased separation of the hydroxyl groups.

Guaiacol, m which one of the —OH groups of catechol has been

replaced by a—OCH3 group was non-inhibitory, whereas catechol

in the same concentration caused retardation Neither of the two

trihydroxy phenols investigated was inhibitory. Thus, of the

hydroxy phenols, only the dihydroxy compounds were reactive.
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Monohalogen derivatives of acetic acid caused inhibition in the

order I > Br > CL The significance of this observation has

already been discussedm relation to the possible mechanism of the

inhibition The halogen anions were inhibitory in the order

F > I > Br > CL Bile salts present in digestion mixtures

buffered at approximate neutrality were without appreciable

influence on the activity of the enzyme.

SUMMARY

The mfluence of various chemical compounds on the initial rate

of hydrolysis of tripropionin by pancreatic lipase has been investi-

gated, The compounds included ketones, aldehydes, salts of

heavy metals, cyanides, cyanate, thiocyanate, thiol compounds,

quinone, mono-, di-, and tnhydric phenols, halogen derivatives of

acetic acid, halides, and bile salts. ^
BIBLIOGRAPHY

1. Glick, D,, and King, C G
,

Am Ghem Soc., 66, 2445 (1933)

2 Murray, D. R P
,
Btochem J

,
23, 292 (1929).

3 Weinstein, S S
,
and Wynne, A M

,
J" Biol Chem

,
112,641 (1935-36).

4 Sugden, S
,
The parachor and valency, London (1930)

5. Parber, L
,
and Wynne, A M

,
Biochem J

, 29, 2323 (1935).

6 Platt, B S
,
and Dawson, E R

,
Biochem / , 19, 860 (1925)

7. Corran, R. F
,
Biochem J

, 23, 188 (1929)

8 Jacoby,M
,
Biochem Z

,
269, 211 (1933).

9. Grassmann, W., m Nord, F. F
,
and Weidenhagen, R

,
Ergebmsse der

Enzymforschung, Leipsic, 1, 152 (1932)

10. Murray, D R P
,
Biochem J

,
27, 543 (1933).

11 Tauber, H
,
m Nord, F F

,
and Weidenhagen, R

,
Ergebnisse dor En-

zymforschung, Leipsic, 4, 42 (1935).

12 Baikei, J
,
De'pt Sc and Ind Researchj Rep Foodinv Boards 1 (1930)

13 Bersin, T., zn Nord, F F
,
and Weidenhagen, R

,
Ergebnisse der En-

zymforschung, Leipsic, 4, 68 (1935).

14 Quastel, J H
, Biochem J

, 27, 1116 (1933)

15 Dickens, F., Biochem / , 27, 1141 (1933)

16 Michaelis, L., and Schubert, M. P
,
/ Biol Chem

, 106, 331 (1934)

17 Haldane, J B S
,
Enzymes, Monographs on biochemistry, London

and New York (1930)

18 Rona, P
,
and Pavlovid, R

,
Biochem, Z

,
134, 108 (1923)

19 Willstatter, R,, Waldscbmidt-Leitz, E
,
and Memmen, F

,
Z physiol

Chem
,
126, 93 (1923)

20. Willstatter, R
,
and Memmen, F

,
Z, physiol, Chem

, 133, 229 (1924).

21. Glick, D.
, and King, C. G

,
J* Biol Chem

, 97, 675 (1932)



THE CONSTITUTION OF THE PROSTHETIC GROUP
OF CATALASE*

By KURT G STERNf

{From the Courtauld Institute of Biochemistry^ Middlesex Hospital Medical
School, London, England)

(Received for publication, October 4, 1935)

The constitution of the enzyme catalase is similar to that of

hemoglobin. The prosthetic group is a hematin (1) and combines

with a specific protem to form the enzyme molecule. Spectro-

scopic evidence suggests a close relationship between the por-

phyrin-iron complex contained in the enzyme and protohematin,

the prosthetic group of hemoglobin (1). In the enzyme, however,

the iron is held in the trivalent state and is unusually resistant to

reducing agents (1, 2). The hematin grouping in catalase from

widely different sources exhibits identical spectroscopic features

(3). An apparent discrepancy in the rs-tio (where fc =
catalytic activity, expressed by the monomolecular reaction

constant, and (Fep) = concentration of porphyrin-bound iron)

between enzyme preparations of different origins still remams to

be explained.

Though the dimensions of the enzyme molecule, as judged by

the rate of diffusion, are probably of the same order of magnitude

as those of hemoglobin (4), the protein of the enzyme complex

differs from globin in the position of the isoelectric point (5) and

also m its behavior towards certain precipitating agents (chloro-

form-alcohol). A previous synthetic approach to the problem of

the constitution of the enzyme has not yielded the desired results;

neither the combination of protohematm with simple nitrogen

bases and various native and denatured proteins, nor synthetic

* A preliminary note dealing with some results of this investigation has

appeared (Nature, 136, 302 (1935))

t Now at the Department of Physiological Chemistry, Yale University,

New Haven.
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662 Prosthetic Group of Catalase

“methemoglobins^' containing various hemins and native globin,

showed a catalytic activity of a different order of magnitude when

compared with the free hemins, although in some instances a defi-

nite activation was observed (6).

The present study was undertalcen with the object of elucidating

the precise structure of the hematin contained in the enzyme.

Since spectroscopic observations are not conclusive in this field,

because many isomeric porphyrin derivatives exhibit identical

absorption spectra, only the actual isolation of the prosthetic

group and its conversion into a derivative of characteristic proper-

ties were considered to be adequate proof. It was therefore neces-

sary to develop a method for the preparation of highly concen-

trated enzyme solutions, to separate the prosthetic group from the

protein component; to degrade the pure hemin to the correspond-

ing mesoporphyrin; to prepare the dimethyl ester of the latter

derivative; and to compare its melting point with that of other

mesoporphyrin esters, especially with mesoporphyrin IX dimethyl

ester. Furthermore, a conversion of the enzyme hemin into the

corresponding hemoglobin and the comparison of the latter with

the blood hemoglobin of the same species seemed to be desirable.

EXPEKIMENTAL

Development of Method of Concentrating and Purifying Catalase

Enzyme solutions prepared from horse liver according to Zeile

and Hellstrom (1) with alumina gel as adsorbent were found to

have a catalytic activity of = 1600 to 7100, Kat. f^ = 1500 to

9200 and a total iron content of 25 to 43 micrograms per cc.

The large variations found are due to the differing enzyme con-

tents of the individual horse livers used, to the efficiency of the

adsorption procedure, and to the volume of elution agent used.

The solutions are of brown color and will distinctly show the

absorption spectrum of the enzyme in layers of thiclmess varying

from 1 to 4 cm
,
depending on their catalytic activity. Table I

contains the data for six different preparations

Attempts to extract the enzyme hemin from acidified solutions

of catalase with an ether-alcohol mixture met with little success.

It was foimd necessary to concentrate the solutions further before

the cleavage of the enzyme was carried out. Of the various

1 Kat. / = A/(gm. of enzyme in 60 cc.).
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methods tried, ammonium sulfate fractionation, fractional freez-

ing out, centrifuging while the frozen preparation was thawing (8),

and acetone-C02 treatment, only the latter technique proved to be
entirely satisfactory. A similar method was first used by Warburg
and Christian (9) as one step m the preparation of the yellow

oxidation enzyme from brewers' yeast.

250 cc. of a catalase solution prepared according to Zeile and
Hellstrom were cooled in ice and saturated with carbon dioxide.

On addition of 350 cc of ice-cold acetone a precipitate formed.

If necessary the use of carbon dioxide m this procedure may be

dispensed with, though this gas seems to promote the formation of a

Table I

Data for Catalase Preparations

Prepara-
tion No

Liver
used

Eluate
obtained k

Total
solids

percc

Ash
per cc

Kat Fe
per CO t

gm cc gm gm micrograms

15 1760 850 1610 0 0205 1567

17 2100 700 2092 0 0160 IBi 2615 42 6

18 1800 3040 0 0128 IKI 40 0

19 1800
1

250 4398
1

0 0117 in 7580 42 5

28 1800 mm 3410 !

29 4500 Bl 7125 0 0155 0 0065 9200 24 8

* Kat f = h/igm of enzyme m 60 cc ).

t The iron determinations were carried out according to Lachs and
Fnedenthal (7) with the substitution of a photoelectric colorimeter for the

subjective comparison of the unknown with a series of standard solutions.

more readily filtrable precipitate. After shakmg for half a minute,

the mixture was cooled to —5° in a refrigerator. A funnel with a

pleated filter was also cooled to —5°. The filter was then mois-

tened with acetone and the precipitate filtered off at —5° The
filtrate was almost colorless. The brown residue on the filter

contained all of the enzyme and most of the solid matter of the

enzyme preparation The filter was removed from the cold room

and the precipitate was allowed to liquefy at room temperature.

The filtrate was collected and its volume was brought to approxi-

mately 10 cc by triturating the residue on the filter with a few cc

of water. Filtration yields better results than centrifugation,

unless the latter can be carried out near the freezmg pomt.
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The concentrates show a black-brown color and a high catalytic

activity. The fact that 300 cc. of an enzyme solution of fc s= 3410

yielded 10 cc. of a concentrate of fc = 26,060, illustrates the

efficiency of the method. The concentrates were almost opaque

to visible light in layers of 1 cm. They showed a distinct enzyme

spectrum in layers only 1 mm thick. Their light absorption

between 650 and 450 was solely due to the enzyme complex

However, these concentrates contained impurities, namely bili-

verdin, hepatofiavin, proteins, and electrolytes. Fortunately,

biliverdm absorbs hght only in the far red region (near 700 mix)

and the a band of hepatofiavin is situated near 440 mix. In other

respects also these pigments did not seriously interfere with the

study and the isolation of the enzyme hemin

It should be emphasized that no oxyhemoglobin, methemo-

globin, or free hematm was present in the enzyme concentrates.

Control experiments showed that all of the blood pigment present

m the crude liver extracts was quantitatively removed at the stage

of the chloroform-alcohol treatment devised for this purpose by
Zeile and Hellstrom (1) There is no possibility therefore that

the hemin isolated from the concentrates, instead of being part

of the enzyme, was derived from contamination with blood pig-

ment.

Isolation of Prosthetic Group of the Enzyme

The acetone-COa treatment effected the removal of sufficient

water from the enzyme solutions at low temperature to permit the

cleavage of catalase by the acid-acetone method as applied to the

study of respiratory heme pigments (hemoglobin (10); chloro-

cruoxm (11)). The acetone concentrate was added drop by drop

to an excess of acetone containing hydrochloric acid. For 10 cc.

of the concentrate at least 500 cc. of acetone containing 6 cc of

N HCl are necessary. The colorless protein precipitate settled

quickly at room temperature. The supernatant gray-blue solu-

tion was filtered off and subjected to vacuum distillation below
30° When all of the acetone was removed, a red microcrystallme

precipitate formed in the dark green-blue^ aqueous solution.

The suspension was filtered by suction while still warm. The

® The pigment responsible for this color was identified as bihverdin with
the kind help of Dr R Lemberg.
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crude hemin was washed on the filter (1 cm. in diameter), resting

on a Willstatter knob, with warm dilute HCl and water. The
filter was dried in vacuo over H2SO4. 1800 gm of horse liver

yielded from 3 to 6 mg of crude enzyme hemin. By working up
50 pounds of liver m nine portions, approximately 40 mg. were

obtained. The crude hemin was dissolved m boiling propionic

acid. Hot 0 5 per cent HCI (half the volume of the propionic

acid) was added. On slow coolmg to room temperature, crystals

of pure catalase hemin formed. Another crop of crystals was
obtained by adding more HCl to the warmed mother liquor.

9 mg. of black-violet hemin crystals were obtained in this manner.

The crystals were washed in the centrifuge with dilute HCl and

water and dried over P2O6 in vacuo.

Constitution of Semin Group of Catalase

Conversion into Mesoporphynn Ester—In order to determine the

configuration of the side chains in the catalase porphyrin, the

hemin was deprived of its iron and reduced to the mesoporphyrin

stage. 9 mg. of the recrystallized enzyme hemm were suspended

in 2 cc. of a mixture of 1 part hydriodic acid (sp gr. 1 94) and 7.5

parts of glacial acetic acid. The suspension was boiled for 1

mmute. After coolmg, the deep red solution was poured into 10

cc. of a solution containing sodium sulfite and sodium acetate

(The addition of sulfite, which serves to remove the excess of

iodine, was suggested by Dr. R. Lemberg.) The porphyrm

formed by the reaction was extracted by ether. The mesopor-

phyrin fraction was extracted from the ether solution by 20 cc, of

2 per cent HCl, and again driven into ether by addition of sodium

acetate. The ether solution was evaporated under diminished

pressure at low temperature. The resulting crystalline meso-

porphyrin was treated for 20 hours at room temperature with 10

cc of dry methyl alcohol saturated with dry HCl. The methyl

alcohol and HCl were removed in vacuo and the residue was dis-

solved in a small amount of chloroform The solution was diluted

with ether. The ester was extracted with 5 per cent HCl and

transferred into fresh ether after addition of sodium acetate. The

red-violet ether solution was twice washed with water and evap-

orated in a stream of dry nitrogen on a water bath at 30® The

residue was dried in vacuo over H2SO4 . A further purification^
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was effected by recrystallization from pyridine-methyl alcohol.

The first crop of crystals weighed 1 mg By treating the mother

liquor with more methyl alcohol, another small batch of crystals

was obtained.

The spectrum of the isolated mesoporphyrin was found to be

identical with that of a sample of mesoporphyrin prepared from

blood hemin and also with that of a specimen of pure mesopor-

phynn IX. (The writer is indebted to Professor 0. Warburg and

Dr E. Negelein for this sample.) The absorption bands were

measured with a Hilger wave-length spectrometer. The spectra

of the solutions to be compared were always projected simultar

neously by means of a comparison prism. The following values

were obtained with ether containing a small amount of acetic acid

as a solvent.

Absorption I II HI XV
band No m/i tnii

Range 626 0-^22 2 569 9-567 5 531 5 . 527 7-524 5 504 0-482 5

Center 624 1 668 7 526 1 498 2

There was no transmission beyond 427.6 mu. The order of in-

tensity of the bands was IV, I, III, II

The spectrum of the mesoporphyrin dimethyl ester, when dis-

solved in chloroform contaimng pyridine, was found to be identical

with that of a sample of pure synthetic mesoporphyrin IX di-

methyl ester, which was kindly furnished by Professor H. Fischer.

The readings were

Alnarpbon band No I n m IV
m/i mii nifi mfi

Range . . 623 6-616 5 567 5-564 5 538 5-527 5 611 0-498 2
Center ... 620 0 566 0 533 0 504 6

The order of intensity of bands was IV, III, I, II.

Since the absorption spectra of porphyrins cannot provide

definite proof for their identity, melting point determinations

were resorted to The mesoporphyrin esters are especially suit-

able for this purpose, because they have well defined melting

points which differ with isomer forms and which will show appre-

ciable depressions when mixtures of isomers are tested. The
results in this case were: (a) mesoporphyrm dimethyl ester of the

enzyme hemin, m.p. 214°; (6) synthetic mesoporphyrin IX di-

^methyl ester, m p. 212-213°; (c) a mixture of approximately equal

amounts of (a) and (6), m.p. 213°.
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It follows that the ester prepared from the enzyme is identical

with mesoporphyrin IX dimethyl ester. This means. that the

catalase hemin is a derivative of etioporphyrin III and that the

side chains are arranged in the pattern (IX). The experimental

procedure followed here is analogous to that used to prove the

constitution of the mesoporphyrin derived from cytochrome c

(12).

Convemon Mo Hemoglobin—^It still remained to establish the

identity of the catalase hemin with protohemin, since hemato-

hemin and mesohemin will yield the sapie mesoporphyrm as

protohemin. This could best be done by combinmg the enzyme
hemin with native horse globin and by comparmg the product

obtained with horse hemoglobin.

0.9 mg. of twice recrystallized catalase hemin was dissolved in

0.5 cc. of 1 per cent sodium carbonate solution. A residue was

removed by centrifuging. The deep red solution was mixed with

6 cc. of 0.49 per cent horse globin solution. In the preparation

of the globin the directions given by Wu (13) for ox globin were

followed. Instead of concentrating the dilute globin solution

m vacuo over H2SO4, some of the water was removed by fractional

freezing at —5°. The clear, pale yellow solution contained 0.69

mg ofNpercc. (micro-Kjeldahl).

The alkaline methemoglobin formed was compared with horse

methemoglobin resynthesized from pure horse blood hemin and

the same globin solution. The absorption spectra of the two

compounds were identical. The hemoglobm formed by reduction

of the methemoglobin, containing the enzyme heme, with sodium

hydrosulfite showed a somewhat better defined absorption band

than the blood hemoglobin control. The position of the center

of the band was the same m both solutions. The oxyhemoglobins

formed by aerating the hemoglobin solutions showed an identical

spectrum when compared m the Hilger instrument: Band I,

583 5 to 572.0; Band II, 553.0 to 529.1 wm.

The hemin derived from catalase appears therefore to be proto-

hemin and hence identical with the prosthetic group of hemo-

globin.

DISCUSSION

The following biocatalysts have been found to contain hematin

groupings; the oxygen-transferring (respiratory) enzyme, cyto-
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chrome, catalase, and peroxidase. All of these catalysts are

modeled according to the hemoglobin pattern. Although it has

been demonstrated (Warburg, Kuhn, Langenbeck, Stern) that

mere variation in the nitrogenous base or protein, which is attached

to a given hematin residue, may alter the catalytic activity and

the specificity of the resulting product, in the biogenesis of natural

heme catalysts both factors—^the constitution of the heme and

of the protein component—^have been varied. Peroxidase may be

a possible exception (see below).

The prosthetic group of the respiratory enzyme is to be classified

with the green-red hemms, other representatives of which are

spirographis hemin and pheohemin b (14) . Cytochrome c contains

a modified protoporphyrin m which a tertiary nitrogen base has

been added to the unsaturated side chams (15). Nothing definite

is known concerning the hematin in peroxidase, since the enzyme

preparations obtained to date have not been concentrated enough

to show a selective absorption in the visible range. But since a

hemochromogen spectrum identical with that from blood hemin

has been obtained from peroxidase solutions (16), it is possible

that the peroxidase hematin is identical with the prosthetic group

of catalase which has been demonstrated by the present mvestiga-

tion to be protohematin. Probably all of these hemin catalysts

are derived originally from etioporphyrin III, the mother sub-

stance of hemoglobin and of chlorophyll.

Much less is known with respect to the protein component of

these heme catalysts, but their general properties (e,g solubility

and stability) suggest that each catalyst contams a different pro-

tem Only in the case of catalase (4, 5) and recently also of cyto-

chrome c (17), a few fundamental properties (isoelectric point,

molecular weight) relating to the protein part of the molecule

have been determmed The comparison of methemoglobin,

catalase, and possibly peroxidase, m which the only difference

appears to be in the nature of the protein component, demonstrates

clearly the importance of specific proteins m the problem of the

heme catalysts participating in cell respiration As has been
shown in the experimental part of the present paper, the enzyme
catalase may be transformed into the respiratory pigment hemo-
globin by exchanging the protein component
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SXJMAIARY

1. The prosthetic group of catalase has been isolated in pure
and crystalline form.

2. The identity of the prosthetic group with the protohematin
of hemoglobin has been established by (a) the preparation from
the enzyme hemin of a mesoporphyrm dimethyl ester with was
shown to have the configuration (IX), and (b) by conversion of

the enzyme into the hemoglobm of the same species by substitut-

ing native globin for the enzyme protein

The writer wishes to thank Professor E. C. Dodds for providmg
working facilities at the Courtauld Institute of Biochemistry,

where the experimental part of the paper was completed.

Acknowledgment is made by the author to his wife for assistance

in the preparation of the enzyme solutions,
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THE DETERMINATION OP THIOL AND DISULFIDE COM-
POUNDS, WITH SPECIAL REFERENCE TO CYSTEINE

AND CYSTINE

IV. A PRECISION METHOD FOR THE DETERMINATION OF THIOL
COMPOUNDS APPLIED TO THE STANDARDIZATION OF

CYSTEINE HYDROCHLORIDE*

By KAMENOSUKE SHINOHARAt

{From the Lankenau Hospital Research Institute, Philadelphia)

(Received for publication, June 27, 1935)

Deteraiinations of cysteine and cystine or other thiol and
disulfide compounds in biological materials have so far been car-

ried out by titration methods with iodine (1) or ferricyanide (2),

or by colorimetric methods like Sullivan’s naphthoquinone

sulfonate method (3), Folin and Looney’s phospho-18-tungstic

acid method (4) ,
etc. The present paper deals with a new method

for the standardization of cysteme preparations to be used as

standards for biochemical determination of cysteine and cystine.

Theorekcal Consideration

In Paper I of this series (6) it was pointed out that cysteine

reacts under the conditions described with phospho-18-tungstic

acid reagent in accordance with Equation 1

2R—SH (H20)8P206(W0a)i8
* R-S-S-R + H2O + (H20)aP20fi(W0a)uW0a (1)

and that the intensity of the blue color produced is proportional

to the concentration of the cysteme, provided the reagent is

present in excess. The relation can, therefore, be expressed by

Equation 2

IJU = CJCo ®
* A part of this paper was presented before the Twenty-ninth annual

meeting of the American Society of Biological Chemists at Detroit, April

10-13, 1936

t Robert McNeil Fellow of the Lankenau Hospital Research Institute.
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where 7o is the color intensity of an arbitrary color standard which

contains Co (4 X 10“* m) moles per liter of cysteine, and I* is

that of a test solution containing C* moles per hter of cysteine.

In Paper III (6) it was pointed out that cysteine reacts with

HgClo in an acetate buffer of pH about 5 accordmg to Equations

3 and 4

2B
/
SH

\
+ HgCl, = 2HC1 + B

/
S ^Hg-

\
B

S Hg-

COOH

-s

\ /
COOH HOOC

(3)

-Hg- -S

/ “ \ / “ \
R B + HgCl, = HCl + B B (4)

\ / \ /
COOH HOOO COOHgCl HOOC

where the reaction according to Equation 3 is very rapid and pro-

ceeds to practically 100 per cent completion, while the reaction

according to Equation 4 is very slow and does not take place

until that of Equation 3 is completed. Equation 4 has nothmg
to do with the color production.

Therefore, if the phospho-18-tungstic acid reagent is added to

the reaction mixture containing cysteme and HgCh m addition

to the acetate buffer, color will be produced only by the cysteine

remainmg in excess, and the concentration (C*) of the remainmg
cysteine can be expressed as follows:

Cx — Cx — 2CHg (5)

where Co represents the molar cysteine concentration actually

present before the addition of HgCh and Cng the molar concen-

tration of HgCh added.

If the cysteme preparation is 100 per cent pure, Co is expressed

by Equation 6

_ 1^ 100 7j

* M 7i 7s
(6)

whereW is the weight (gm.) of the prepajation dissolved m 0 2 M
HCl (or HsSOg) to make Vi cc of stock solution, V2 cc. of which
is added to the reaction mixture, which is finally made to Vs cc.
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M is the molecular weight of the cysteine preparation (157.62

for cysteine hydrochloride).

However, cysteine preparations are always more or less im-
pure. Therefore, let (7'a represent this hypothetical cysteine

concentration; that is, the concentration calculated on the as-

sumption that the preparation is 100 per cent pure. Then the

relation between the hypothetical and the actual concen-

tration (Ca) is expressed by Equation 7

Ca — OtC^a (7)

where a is the relative purity of the preparation.

When the same cysteme stock solution is used also m the color

standard, the same can be said for the standard; namely,

(7o « (8)

where C'o represents the hypothetical cysteine concentration of

the color standard, while Co is its actual concentration.

Substituting Equations 5, 7, and 8 in Equation 2, we obtam

Ix/fo = (CWO',) - (2/aC'o)CHg (9)

The equation evidently does not hold beyond the intercept of

the Ime with the C^g axis.^

Theoretically, the numerical value of the relative purity (a)

can easily be calculated by introducing a value of I»/Jo experi-

mentally determined, together with those of Cng, C'a, and C'o.^

In actual determinations, however, it is preferable to employ a

series of values obtained by usmg a series of test solutions each

contammg a definite amount of the cysteme preparation to be

tested and a varying amount of HgCh. The most probable values

^ Interpretation of the equation is omitted

2 (7'a/C'o is equal to the ratio of the volumes of the cysteine solution

added to the test and standard solutions respectively, which is a known
quantity The ratio of the color intensity of a test solution which contains

no HgCb to that of the color standard has been experimentally found to be

equal to C\lC'a Therefore, Equation 11 can be simplified as follows with

slight sacrifice in precision

2

aC'o
((CVC'o) (11-a)
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of a 'will then be calcula'ted by the method of leaiSt squares, those

results preferably being discarded whose intensities are less than

0.1; namely,

^ SySa!» - S(gy)Zs . .

C'o
“ - (S®)*

'

2 ^ Sagy - wZ(a!y) , .

aC'o JiS®* - (Zw)*
^ '

where x and y represent respectively Ch* and I*/Io of Equation 9

and n the number of solutions, the results of which have been

employed in the calculation. Sx, Sy, and Sxy have the following

significance: if rsi, xz, Xa ... x„ HgClz solutions are added to

solutions containing C"o (hypothetical) cysteine and respectively

Vh Vi) Vi - • - l/n color intensities are obtained, then

2® =* 4* iCa + as • • • + ®n (12)

sy * 2/1 + 3/2 + 2/s
* • • + yn (13)

2»y ~ Xiyi + ^22/2 + XzVi • • • + XnVn (14)

2®* “ x\ -f” 4“ xH • •• 4-a*n (16)

(2®)» = (ax 4“ ^2 4* as • -
' 4" aO* (16)

The relative purity can also be found by graphically interpo-

lating or by actually determining the minimum amount of HgCh
which totally inhibits color development. The results concerning

these aspects are shown in the experimental part.

BXPBEIMEarrAL

Reagenis

0.01 M HgCla solution. This was prepared from Merck’s

reagent grade preparation. Its molarity was checked by gravi-

metric analysis in which Hg was determmed as HgS, The molar-

ity calculated from the amount weighed and that calculated from
the amount of HgS agreed within ±0.06 per cent.

Cysteine hydrochloride. Eastman Kodak Company’s and Pfan-

stiehl Chemical Company’s preparations were used. The purity

of these preparations will be described below. Other reagents

are the same as described in Paper I (5) of this senes unless other-

ffise mentioned.

The color standard is the same as described in Paper I (4 X
10~^ M cysteine)
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Technique—In each series of experiments, definite amounts of

a cysteine solution are introduced mto several 60 cc. volumetric

flasks, each containing 10 cc. of 2 m sodium acetate, 3 cc. of 2 m
acetic acid, and an amount of 0.2 m NaOH equal to the added
cysteine solution. This is followed by var3dng amounts of 0.1

M HgCla solution. The cysteine solution was made by dissolving

0.3491 gm. of a commercial cysteme hydrochloride in 26 cc. of

2 M HCl and dilutmg it to exactly 260 cc ®

After the contents were mixed and the solutions set aside for

about 1 minute, 4 cc. of phospho-18-tungstic acid reagent were

added, the total volume of the contents then being made up to

exactly 50 cc. by adding water. The blue-colored solutions were

finally subjected to colorimetry in 5 to 10 minutes against a
color standard, the composition of which is mentioned in Table I.

The values of a were calculated by Equations 9, 11, and 11-a,

by graphical interpolation, and by actual determination of the

minimum amount of HgCb that totally inhibits color devel-

opment.

Belcdion of Color Inimsvty, Cysteine Hydrochloride, and HgCk
Concentrations—Four senes of determinations, with different

amounts of a cysteme solution which had been made from the

same cysteine hydrochloride preparation, were earned out, their

results being shown in Table I,a. When the values of a of each

of the series are calculated from Equation 9 by substituting sepa-

rately each experimental value, their equaUtsr* within expen-

mental errors indicates that a strait line is formed when the

intensity is plotted against the HgCla concentrations. The straight

hnes made by the four series of experiments are parallel to each

other.

The color intensities of the solutions containing no HgOh
(values of C'a/C\) are seen to bo in the expected ratios. 0 inten-

sity is given by solutions of which the HgCU concentrations are

* This solution, therefore, corresponds to 0 01 m cysteine if the cysteine

preparation is 100 per cent pure Generally the concentration is 0 01 at m
where a is the relative purity of the preparation with respect to cysteine

* The somewhat large deviation with 0 5 cc of the cysteine solution is, no

doubt, due to the larger errors occurring in the measurements of such

small volumes. For routine procedure the use of 2 to S cc of 0 01 m cysteine

solution seems best.
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beyond those of the intercepts of the lines with the HgCla concen-

tration axis

The results of three series of experiments, obtained by using

the same amount of cysteine solutions containing the same amount

of diflEerent cysteine hydrochloride preparations, are shown in

Table 1,6. They clearly show that different preparations give

different slopes.

The experimental results are seen to fulfil the propositions

offered by Equation 9, and, therefore, the method serves to deter-

mine the value of a, relative purity.

Thioglycohc Acid—^Thioglycolic acid was tested in exactly the

same way as cysteine, the reaction mixture having the same com-

position except that thioglycolic acid was substituted for cysteine.

The results presented in Table II clearly show that it behaves as

cysteine does.

Reaction of Mercuric Chloride with Cystine—^The reaction was

studied by Andrews and Wyman (7) and later by Simonsen (8)

who showed that a precipitate of a mercury compound of cysteine

is formed in the mixture. The same reaction takes place under

the conditions of the present experiments (pH 6.0), although

Table I

Change in Color Intensity Produced by Cysteine PhosvhodS-Tungstic Acid
Reagent with Change in HgCl% Concentration

(a) With Different Amounts of Cysteine Solution Made from One Cysteine

Hydrochloride Preparation

Color standard
solution

Test solution

cc cc

2 M NaAc 10 (0 4 m) 10

2 “ HAe 3 (0 12 M) 3

0 2m NaOH 2 (0 08 '0 Amount corresponding to

that of cysteine solution

added
0 Ola M cysteine in 0 2 m
HCl 2 (4a X 10-* m) A definite amount foi one

series; different amounts
for other series, as de-

scribed

0 01 M HgCb
Phospho-18-tungstic acid

0 Varying amounts

reagent 4 4
Total volume 60 50

Temperature 24-80°,
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Table I,ar~Contmved
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0 6 cc cysteine solution 2 0 cc cysteine solution

OOlM
HgCI«
added

/.//»

a by
Equation

9

OOlM
HgCb
added

a by
Equation

0

Actual
determi-
nation

By
Equation

10

Actual
determi-
nation

By
Equation

10

cc cc

0 000 0 000 1 000 0 999

0 100 0 877 0 20 0 776 0 893
0 160 0 085 0 980 0 40 0 582 0.957
0 200 0 971 0 50 0 478 0.976

0 225 0 023 0 990 0 60 0 367 0 948

0 25 0 0 0 80 0 155 0 947

0 30 0 0 0 90 0 060 0 957

1 00 0 0

1 50 0 0

Av (Equation 9) 0 95^ =fc: 0 038 0 946 i 0 018

a - By Equation 11

.

1 046 . . . , , 0 940
(t “ ll-a 0 969 • • • 0 939

5 0 CO cysteine solution 10 cc cysteine solution

Iz/h
OOlM a by OOlM a by
HgCt Actual By Equation HgCl, Actual By Equation
added deterzni- Equation 9 added determi- Equation 9

nation 10 nation 10

cc. CP

2 493 2 502 0 00 5 032 4 983

0 51 1 950 0 927 1 05 3 841 0 906

1 427 0 932 2 03 2 843 0 941

1 50 0 955 3 00 1 931 0 947

2 01 iHi 0 948 4 00 0 785 0 949

0 086 0 911 4 53 0 268 0 957

2 40 0 0 4 64 0 141 0 955

0 0 4 73 0 040

5 00 0 0

'Av (Equation 9) 0 935 =fc 0 014 0 942 ± 0 013

a By Equation 11 0 932 0 956

1“ 11-a . 0 933 • 0.952
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Table Concluded

(5) With Same AmounU of Cysteine Solutions Made from Different Cysteine

Hydrochloride Preparations

Composition of reaction mixtures, same as in Table I, a

Color standards, 2 cc. of each cysteine hydrochloride solution made from

each preparation

Average. . 0 8315 . . 0 932 0 899

(Equation 9) =fcO 0046 =fc0 019 dbO 005

By Equation

11 0 828 .0.946 .. 0 893

By Equation

11-a ... 0 828 ... 0 941 . . 0 896
^ By graphical

interpola-

tion ... 0 828 . . . 0 939 , . 0 890

Actual de-

termina-

tion ... 0 824 . . 0 936 0 885

the precipitation does not take place for several hours at least

unless HgCl2 is present in great excess. If the two substances

are added to an acetate buffer containing the phospho-18-tungstic

acid reagent, a gradual production of blue color t^es place, even
before the precipitate is formed. The color production is prob-

ably due to the oxidation of intermediate compounds, for instance

R—S—OH to R—S—O2H and R—S—OsH. The increase in
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the color intensity of the mixture is practically in linear relation

with time in the early stage (20 minutes), and the rate of the

intensity mcrease is roughly in direct proportion to the HgCh
concentration, while the cystine concentration seems to have but
little influence upon it.

Cystine is frequently present as an impurity in cysteine prepa-

rations, probably as a product of oxidation of the latter during

Table II

Change in Color Intensity Produced hy Thioglycolic Acid and Phospho-^IS-

Tungstic Acid Reagent with Change in HgCh Concentration

The composition of reaction mixtures was the same as for cysteine,

except that 0.01a m thioglycolic acid in 0 2 m HCl was used.

Temperature 32® db 0 2®.

2 0 oc thioglycolic acid

0 01 M HgCh
1

/b/1o

Actual
dctenuination By Equation 10

cc by Equation 0

cc

0 00 1 001

0 20 0 980

0 40 0 990

0 60 0 979

0 70 0 990

0 80 ^BB 0 994

0 90 BPI 0 992

0 95

0 98

1 00 0 0

a
Average (Equation 9)

By Equation 11

ll-a

0 988

0 989

0 990

preservation. However, in spite of its color production in the

mixture containing HgCh and phospho-18-tungstic acid reagent,

it does not interfere with cysteine determination, even when it

IS present m a high concentration.®

By the above method, 94.2 and 94.1 per cent purity, respec-

® This is probably due to the slow rate of reaction of HgCh with cystme

compared with that of cysteme.
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tively, were obtained for two solutions, one containing 4a m
cysteine together with 20 X 10“^ u cystine, and the other conlain-

mg the same amount of cysteine but no cystine.

Standardization of Cysteine Hydrochloride Preparations—As

shown in Table I, the amount of cysteine in each preparation is

lower than that theoretically expected. That this low content

of cysteine is due to the presence of water or cystine will be seen

from the results in Table III, which were obtained by the fol-

lowing methods. »

Determination of Water^—^As reported by Bergmann and

Michalis (10), it was found that cysteine hydrochloride loses not

only water and HCl, but also sulfur atoms as H2S, and becomes

Table III

Analytical Results of Commercial Cysteine Hydrochloride

Sample 1 Sample 2 Sample 3
Theory

(R—SH-lICl)

Cysteine

Cystine

HCl
H2O 1 1

mole %n
100 gm

0 568

0

0 571

0 670

per cent

76 85

0

23 14

0

mole in
100 gm

0 636

0

0 635

0

Total 100 04 99 93 99 99

* The somewhat higher result is due to the comparative inaccuracy of the

cystme determination

yellowish when dried at 100®. However, it can be freed from

water when it is dried in a desiccator over P2OB at room temper-

ature under ordinary atmospheric pressure. The loss of water

follows an exponential curve when plotted against time, and aifter

48 hours no loss in weight can be observed. There is no loss of

HCl in this drying process, as indicated m the determination of

HCl by the following method. For instance, a sample showed

HCl content, before and after being dried to constant weight,

of 21 47 and 21.51 per cent respectively, and another sample

showed 20.83 and 20.79 per cent

® Dr Theodore F Lavine of this Institute also obtained satisfactory

results (9) by usmg this method on the author’s recommendation
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HCl Determination^—A weighed amount of cysteine hydro-

chloride IS dissolved in a small amount of water
j
to which a suffi-

cient amount of AgNOs solution is added. The precipitate, which
is a mixture of AgCl and silver salt of cysteine, is gently boiled

after the addition of fuming nitric acid until production of CO2

and NO has ceased and the liquid part becomes colorless. The
solution IS diluted with water and AgCl is filtered off after the

solution is cooled.

Cystine Determination—^As will be shown in Paper V, cystine

can be determined with fairly good results, by the sulfite method.

Cysteine Determination—Cysteine contents in percentage were

calculated from the values shown in Table I,a All the results

obtained by this method are summarized in Table III, their con-

tents being expressed as percentages. The sum of the percentages

of all the components is practically 100, which proves that this

method of cysteine determination gives accurate results.

niSGTJSsioisr anb summahy

It was shown that combination of the reactions shown m Equa-
tions 1 and 3 made possible the precise determination’of cysteine.

The method is, however, limited mostly to the determination of

the purity of cysteine preparations, because the presence of sub-

stances which rapidly react with HgCh would upset the quanti-

tative relation. Cystine, which is an occasional impurity in

cysteine preparations, was found not to interfere with the deter-

mination, which is, no doubt, due to its comparatively slow reac-

tion with HgCh. Of the various methods of calculating the

relative purity (a), the graphical method may be the simplest.

As it consists of several determinations, the error occurring in

the final result is minimized (about ±0.2 per cent). As the theo-

retical consideration of probable errors indicates, the error is

large when the amount of HgCla added is small. If a sufficiently

large amount of HgCU is added, accuracy is obtained by a single

determmation in which an experimental value is introduced into

Equation 9 to obtain the relative purity.

Actual determination of the minimum amount of HgCb that

inhibits the color production of a definite amount of cysteine will

7 Although HCl combined with cysteine can be determined by alkalim-

etry with methyl red, it seems less accurate than the present method
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also give satisfactory results, provided the constant error due to

the invisibility of color below 4 X 10*“® M cysteine concentration

is introduced (6). However, the method is somewhat tedious

when accuracy is desired.

The agreement of the analytical results shovAi in Table III

definitely indicates the applicability of the method for the deter-

mination of the purity of cysteine preparations.

The method was shown to be applicable also to thioglycolic acid

determination. The experimental procedure is shown under

“Technique.^'

Since commercial cysteine preparations are not pure, before

being used as the standard of colorimetric cysteine determination

or for other quantitative work they must be accurately stand-

ardized by this method. Mere purification is not enough, as

water is the principal impurity.

The author would like to express his gratitude to Mr. Robert

McNeil of the McNeil Laboratories for his support of this re-

search, and also to Dr. Frederick S. Hammett for his valuable

advice.
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THE DETERMINATION OF THIOL AND DISULFIDE COM-
POUNDS, WITH SPECIAL REFERENCE TO

CYSTEINE AND CYSTHIE

V. A CRITICAL STUDY OF CYSTINE DETERMINATION BY SULFITE
AND PHOSPHO-18-TUNGSTIC ACID REAGENT

By KAMBNOSUICE SHINOHARA*

{From the Lankenau Hospital Research InsMvie, Philadelphia)

(Received for publication, July 25, 1936)

It was reported in Paper II (1) of this series that C3istine can

be completely reduced by a strong acid and tm dust, and can be

determined with satisfactory accuracy. However, besides being

somewhat tedious as a routme method, it was sometimes found,

for an unknown reason, to give very low results when applied

to urine. As a substitute, therefore, the use of sulfite was studied

and found applicable to cystme determination of urine.

The sulfite method was originally used by Folin and Looney

(2) and later modified by various workers.^ The chemistry of

the cystiae-sulfite reaction, however, was not known until Clarke

(4) established Equation 1.

R—SS—R + NaHSO, = R-8Na + R-^SO,H (1)

A little later Lugg (3) explained the relation between the color

intensity and cysteine or cystine concentration in the presence

of sulfite. That the color reaction between cysteine and phospho-

IS-tungstie acid may be conveniently represented by the following

stoichiometrical equation was shown in Paper I by the author (5).

2R—SH + (HjO)jPjOj(WOj)i8 = R—S—S—^R + H:0 + (HjOljPjOsCWOalWirOi

or (HaOlsPaOsCWOsliaWaOs

(3)

* Robert McNeil FeUow of the Lankenau Hospital Research Institute.

1 Lugg’s paper (3) is cited here for references to the literature concerning

the historical development of this method.
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After his critical study, Lugg (6) devised a method for the deter-

mination of cysteine and cystine, which is apparently the best

of the various sulfite modifications.

However, several important aspects have so far been neglected.

They are first, the contribution of color by sulfite alone, which

influences the accuracy of the method, especially when the cystine

concentration is small; second, a quantitative study of the relation

of the color intensity to the sulfite and cystme concentrations;

and third, the applicability of HgCla in the differentiation of

various extraneous reducers from cysteine and cystine.

The present paper deals with these aspects, mainly with the

purpose of establishmg a more reliable method.

EXPBElMENTAIi

Reagents

Z-Cystine solution. 0.01 m Z-cystine in 0.2 n HCl (or HsSO<).

The cystine is the same preparation as that used in the author’s

previous work (7) Although hydrolytic decomposition (8) takes

place when the solution is left standing at room temperature for

a month, and it gives a faint color with the phospho-18-tungstic

acid reagent without sulfite (reaction of cysteine), the color inten-

sity produced with sulfite was found to be the same as for a freshly

prepared solution. After standing for 2 months, however, the

solution was found to produce 99 per cent intensity.

1 M NaHSOs solution. This was made from Merck’s reagent

grade preparation which had been standardized by Volhard’s

iodine method. The pH of the solution was adjusted roughly

to 5.0 by adding 25 cc. of 1 m NaOH solution per liter of the

resulting solution. It oxidizes gradually when it is preserved at

room temperature (20-32°) with frequent openmg of the stopper.*

However, it was found that even a 70 day-old solution devel-

oped the same intensity as one freshly prepared, either by itself

® The decrease in the sulfite concentration within a month, determined
by Volhard’s iodine method, can be represented within ±2 per cent error

by Equation 3

C « Co (1 - 0 0036 N) (3)

where C is the sulfite concentration after N days and Co (1 m) that at the

start
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or with cystine. The addition of alcohol or brucine was found

not to decrease appreciably the rate of this oxidation.

The other reagents, technique, and the color standard employed

are the same as described in Papers I and II unless otherwise

mentioned That is, the color development was always carried

out in a buffer of 0.4 Msodium acetate and 0.12m acetic acid (pH

5.0) in a 50 cc. volumetric flask, and the color standard was the

solution containing 4 X 10”^ m cysteine.

Fig. 1 Color production by NaHSOs and pliospho-18-tungstic acid rea-

gent Composition of color solutions, sodium acetate 0 40 m, acetic acid

0 12 M, sodium sulfite, varying concentrations, pliospho-18-tungstic acid

reagent 4 co per 50 cc ; total volume 50 cc ;
temperature 23-24®. Curve 1

denotes 0 02 m NaHSOs, Curve 2 0 04 m, Curve 3 0 06 m. Curve 4 0 08 m,

Curve 5 0 10 M, Curve 6 0 20 m 7, color intensity

Color Production by NaHSOi Atone—NaHSOs m contact with

the phospho-18-tungstie acid reagent m the specified medium

develops blue color so slowly that the maximum is not reached

for at least 48 hours. Although experimental conditions, particu-

larly temperature (pH being practically constant), seem to in-

fluence the rate of color production, the curves shown in Kg. 1

represent, within the limits of error of colorimeter readmgs, the
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relation of the intensity to the NaHSOs concentration, and time,

at 23-28^

It is seen in Fig. 1 that below 01 m NaHSOs there exists, in a

practical sense, proportionality between the color intensity and

the NaHSOs concentration at any time. ' The following equation

may represent the proportionality at 15 to 20 minutes below

0.1 M NaHSOs

J « 0 60 CNaHSOt (4)

where I is th^ color intensity and CNaHSOs the concentration of

the sulfite.

The presence of HgCh does not noticeably change the rate of

color production.

Color Production hy Cystevne or Cystine in Presence ofNaHSOs—
Two kinds of experiments were carried out, in one of which a

definite amount of cysteine or cystine was mixed with varymg
amounts of NaHSOs, and in the other varymg amounts of cysteine

or cystine were mixed with a definite amount of NaHSOs. The
former experiments may determine the suitable amount of

NaHSOs to be used m the latter experiments, which, in turn,

give information as to how accurately the color intensity is pro-

portional to the cysbeme or cystine concentration. The color

intensity here was taken as the difference between that developed

in the test solution and that developed in the blank solution by
the same amount of NaHSOs.
The results of the first experiments are given in Fig. 2. It

shows the following facts First, cysteine and cystine produce

color exponentially® with time, and their intensities approach a

® The kinetics of the color production seem to be represented by Equa-
tion 5

Jc =
2 303

* ^NaHSOs
(5)

where k is the velocity constant in liters per mole per minute, which is

roughly 3.00 by calculation; t, time; CNaHSOs, molar concentration of

NaHSOs; Ice the maximum color intensity developed by cystine (value of

the asymptote) ; and the intensity developed at time t Such an equation
may be obtamed by assuming that the reaction according to Equation 1

is slow and that according to Equation 2 is very rapid, and that CNaHSOa in

so great an excess as used m the experiments remains practically constant
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conunoix asymptote within, the limits of experimental error, pro-

vided their molar concentrations are the same Second, the

extrapolation of the curves to 0 time suggests that cysteine pro-

Fig 2 Color production by cysteme and cystme with phospho-18-

tungstic acid reagent in the presence of varying amounts of NaHSO<j

Composition of color solutions, sodium acetate 0 40 m, acetic acid 0 12 m,

cysteine or cystme, a definite amount for one series, NaHSOs varying

- amounts, phospho-18-tungstic acid reagent 4 cc per 50 cc ; total volume

50 cc ; temperature 21-26® /, color intensity.

duces one-half of the maximum color intensity at the start, while

cystme starts at 0 intensity. Third, the maximum mtensity

reached by cysteine or cystine is twice that reached by cysteine

THIS JOHHKAL OF BlOLOGICAIi CHEMlSTRT, VOL 112, NO 2
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of the same molar concentration, without sulfite, as shown by-

comparison -with Fig. 3 of Paper I (5). Fourth, within a limited

time it requires far greater concentration of NaHSOs than that

expected from Equation 1 to make the intensity reach practically

the maximum (99 per cent).

These facts afford some insight into the theoretical aspect of

the color production. That is, the color production by cysteine

and cystine in the presence of NaHSOs is due to the reactions ex-

pressed by E(^uations 1 and 2, the former being comparatively

slow and the latter very rapid.

Considering the permanency of the maximum color developed,

it may be concluded that cysteine-sulfonate is a stable compound

under the conditions. The relation between the color intensities

and cysteine and cystine concentrations with and without the

sulfite can be explained only by Equations 1 and 2. It is of inter-

est to note that cysteine is practically not oxidized beyond the

cystine stage.

In devising a practical method for cystine determination, it

should be noted that -with about 0.06 M NaHSOs concentration

the intensity reaches at least 99 per cent of its theoretical

value in 15 minutes, beyond which increase in concentration

does not materially increase the maximum intensity. The com-

bmed intensity developed by the test solutions with sulfite

increases -with NaHSOs concentration, but the difference between

the test and the blank rather decreases.

Based upon the above observations, the second series of experi-

ments was carried out -with 0.06 m NaHSOs and varying amounts
of cysteine, cystine, or thioglycohc acid, all the other components
remaining the same as before. The results show that both
cysteine and cystine produce the maximum intensity -within 15

minutes; there is no decrease for at least 6 hours, but about 10

per cent after 20 hours at room temperature.

Thioglycolic acid, although it behaves as does cysteine (1)

-without sulfite, does not produce, within the limited tune, t-wice

as much intensity with as without it (Fig. 2). However, the

nature of the curve suggests -that the difference is merely the rate

of reaction for Equation 1, which is probably very slow in the

case of thioglycohc acid o-wing to its molecular structure. If the

intensities developed at 15 to 20 minutes by cysteine or by cystine
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are plotted against their concentrations, a straight line is obtained,

as shown in Fig. 3. The noaodmum deviation of the observed

values from the straight line is about ±0.02 unit of intensity

(4 X 10“® M as cysteine or cystine). The error will, no doubt,

be reduced by more careful experimentation.

Fig 3 Proportionality of color intensity developed in 15 to 20 minutes

by cysteine or cystine with 0 06 m NaHSOg to their concentrations Com-
position of color solutions, sodium acetate 0 40 m, acetic acid 0 12 m,

NaPISOs 0.06 m, cysteine or cystine, varying amounts, phospho-18-tungstic

acid reagent 4 to 6 co. per 60 cc.j total volume 50 cc.; temperature 21-26'’.

/, color intensity.

Color Production ly Extraneous Reducers in PreseTice ofNaHSO^
Organic—They produce greater color intensity with NaHSOa than

without it. As an exception, resorcinol develops little intensity

even with the sulfite, and its color contribution at less than 0.01

M can safely be disregarded. Creatinine, although it produces
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Fig 4. Color production by organic extraneous reducers in the presence

of NaHSOs Composition of color solutions, sodium acetate 0 40 acetic

acid 0 12 M, NaHSOa 0 06 M, extraneous reducer, a varying amount, phospho-

18-tungstic acid reagent 4 cc per 50 cc
;
total volume 50 go. Color stand-

ard, 4 X 10~* U cysteine in place of an extraneous reducer. Concentra-

tions (X lO*"* m) of the following solutions are shown by the curves

Curve 0, blank; Curves 1-a, 1-b, 100 and 200 m pyruvic acid; Curves 2-a, 2-b;

2-c, 2-d, 2-f, 10, 20, 40, 100, 200 m creatinine; Curves 3^, 3-b, 3-o, 3-d, 4, 10,

20, 100 M furfural; Curves 4-a, 4-b, 4-o, 4-d, 1, 2, 4, 20 m catechol; Curve 5,

100 M resorcinol; Curves 6-a, 6-b, 6-c, 0 2, 2 0, 4 0 m quinol, Curves 7-a, 7-b,

7-c, 0 2, 1 0, 2 0 M pyrogallol 7, color intensity.
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greater intensity with the sulfite, can also be disregarded below
4 X 10~* M. Furfural and pyruvic acid give fairly intense color

of the same order of magnitude Catechol develops far more
mtense color with the sulfite than without it. Qumol with sulfite

also develops far greater intensity, without reachmg its maximum
for a few hours, although it is reached in a few mmutes without
sulfite. I*3rrogallol with sulfite, on the other hand, develops the

maximum mtensity within 20 minutes, which is the same as that

developed by cystine of the same molar concentration.

The details can be seen in Fig. 4 m which the color mtensities,

I, represent those directly read. (The intensity of the blank

is not subtracted.)

Ascorbic acid, which is a strong reducer, develops the maximum
color very rapidly, both with and without sulfite; the intensity

is m both cases exactly twice that developed by cysteme of the

same molar concentration without sulfite* Ether contributes

noticeable color in the presence of sulfite. Even water which has

been shaken with an equal volume of ether and filtered through

a wet filter also gives color. Repeated washing with water does

not reduce the intensity developed by the washmgs. Chloro-

form,® on the other hand, does not give color at all.

Inorganic—^FeSO* with sulfite develops color very rapidly to

its maximum, which is the same as that developed without sulfite

(1) if the intensity due to the sulfite alone is subtracted. SnCU
with sulfite gives more color than without, but it does not reach

the maximum for at least 2 or 3 hours. CuCl with sulfite gives

color which increases with time. CuCb with sulfite neither gives

color nor interferes with the cysteme or cystine determination,

although it does without sulfite.

Influence ofHgCh upon Color Development of Cyshne tn Presence

of Sulfite—^It is a well known fact in analytical chemistry (9) that

HgCla forms with NaHSOs a complex sulfonic acid. However,

it was found that sufl&cient HgCU added to the mixture of cystine

and sulfite in the acetate buffer still inhibits the color produc-

* Ascorbic acid and glutathione are important constituents of many

biological materials; the results with them are reported in Paper VI
s This IS one of the reasons why ether, as recommended by Lugg (3),

should be replaced by chloroform for extracting insoluble thiol compounds,

etc
, which interfere with cysteine and cystine determination
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Fig 5 Effect of HgCU upon the color production of cystine by phospho-

18-tungstic acid reagent in the presence of NaHSO® Composition of color

solutions, sodium acetate 0 40 m, acetic acid 0 12 M, NaHSOs 0 06 m, cystine

4 X 10“^ M or 10 X lO"* M, HgCl2, varying amounts, phospho-18-tungstic

acid reagent 4 to 6 cc ,* total volume 50 cc
;
temperature 24-30°. Color

standard, 4 X 10 M cysteine without sulfite and HgCU but with all other

constituents A and represent 10 X m cystine, o 4 X 10“^m cystine

X represents 4 X 10"^m cystine; however, in this case the phospho-18-tung-

Stic acid reagent was added immediately after mixmg cystine, NaHSOg,
and HgClj Intensity, 7, is that directly observed (the blank is not sub-

tracted).

tion, provided there is an interval of more than 15 minutes before

the addition of the phospho-18-tungstic acid reagent. If, on the

other hand, the reagent is added immediately after the mixing,
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intense color is produced. The reason is that a part of the

cysteme produced from the cystine and sulfite reacts with HgCIs,
and the other part with the reagent. Thus the effect of HgCls
upon the color production of cystinem the presence of sulfite was
studied by adding the reagent 20 minutes after the three sub-

stances were mixed in the buffer solution, the rest of the procedure

being carried out as previously described.

The experimental results shown in Fig. 5 distinctly indicate

that the color intensity decreases linearly with increase in HgCU
concentration until the amount of HgClj exceeds the equivalent

amount of cystine, beyond which the intensity remains constant

and corresponds to that givenby the same amount of sulfite alone.

The relation between intensity and HgCh concentration may be
expressed by Equation 6*

b
h '

a{f C'o
(6)

where I® is the intensity developed in a solution to which C'a

moles per liter of cystine (or cysteine), calculated on the assump-

tion that the cystiue (or cysteine) preparation used is 100 per

cent pure, and Cng moles per liter of HgCU are added, jS is the

relative punty of the cystine (or cysteine) preparation. Jo and

C'o are respectively the color intensity and molar concentration

of the cysteine of the color standard, calculated on the assump-

tion that the cysteine preparation used as the standard is 100 per

cent pure, a is the relative purity of the cysteine used as the

standard.

This equation differs from the one applied to cysteine, shown

in Paper IV, mainly by the additional factor 2. This evolves from

the fact that 1 mole of cystine (or cysteine) develops twice the

color intensity with sulfite as without it.

Although, theoretically, this method can also be used for stand-

ardizing cystine preparations, the complexity of the reactions

involved and the color given by sulfite alone make it somewhat

less precise than in the case of cysteine, and it seems to have no

advantage over direct color comparison between cystme with

sulfite and cysteine of known purity without sulfite.

® To clarify the establishment of such an equation, see Paper IV of this

senes (10)
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The extraneous reducers described above produce practically

the same color intensity in the presence of HgCh as in its absence,

no reduction of HgCh by catechol, p3rrogallol, etc., having been

observed. Ascorbic acid can be accurately differentiated from

cysteine and cystine On the other hand, formaldehyde in the

presence of sulfite not only mterferes with the color production

by these extraneous reducers, but also produces an immediate

precipitation with urine, thus preventing colorimetry. For these

reasons, HgCb should be substituted for HCHO for the differ-

entiation of extraneous reducers from cysteine and cystine in the

presence of sulfite.

Method for Determination of Cystine—^As a result of the critical

studies mentioned above, a new method for cystine determination

is established. The procedure is as follows:

To each of two 50 cc. volumetric flasks add 10 cc. of 2 m sodium

acetate, 3 cc of 2 k acetic acid, 3 cc. of 1 m sodium bisulfite solu-

tion, prepared as described under ‘'Reagents,’^ and an amount of

NaOH, or preferably LiOH, just sufficient to neutralize the acid

contained in the solution to be tested, followed by a definite

amount of the test solution. At this point, to one of the mixtures

add sufficient (4 cc.) phospho-18-tungstic acid reagent and make
up the total volume to exactly 50 cc by addmg water (test

color solution). The color intensity developed is measured m
15 to 20 minutes against the cysteine standard described in

Paper II (4 X 10*^ m cysteine in the acetate buffer without

sulfite).

To the other flask add 3 cc. of 0.1 m HgCb solution, and set

the resultmg mixture aside. After 20 minutes proceed just as

in the case of the test color solution (blank color solution).

If the intensity of the test color solution is It and that of the

blank color solution !&, then the difference, It ^ Ib, is the intensity

given by cysteine and cystine.

Therefore, the combined molaa.* concentration of cysteine and
cystine in the colored test solution can be obtained by Equation 7

s—s—R ” 2

where Cb—sh and g—

r

are the respective concentrations

of cysteine and cystine in the colored test solution, and Cq the

molar concentration of cysteine in the standard (m the author^s

experiment, 4 X 10“^ m).
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Table I

Determination of Cystine Mixed with Cysteine

Cyateme added Cystine added Cysteine found Cystine found

X 10* M X 10* u X 10* sc X 10* M
4 0 0 4 01 0.0
4 0 0 1 4 00 0 110
4 0 0 2 4 02 0 210
4 0 0 4 4 01 0.385
4 0 1 0 3 99

4 0 2 0 3 99 2 060

Table II

Determination of Cystine in Presence of Extraneous Reducers by

Sulfite Method

Extraneous
reducers added Cystine added Cystine found Difference

X10*ii X10*M X 10* M

Pyruvic acid 227 4 0 3.75 -0 25

227 1 0 0 85 -0 15

227 04 0 33 -0 07

227 02 0 18 -0 02

Creatinine 100 4 0 3,72 -0 28

100 1 0 0 83 -0 17

100 0 4 0 30 -0 10

Furfural 100 4 0 3 75 -0 25

100 1 0 0 90 -0 10

100 04 0 38 -0 02

Pyrogallol 10 40 3 45 -0 55

10 0 4 1 17 +0 77

6 4 0
1

3 54 -0 46

6 1 0 0 97 -0 03

6 0 4
1

0 405 +0 005

Catechol 100 4 0 3 06 -0 94

100 1 0 0 995 -0 004

100 0 4 0 375 -0 025

Resorcinol 100 4 0 3 95 -0 05

100 1 0 1 01 +0 01

100 0 4 0 406 +0 005

100 0 1 0 095 -0 005

The cystine concentration is obtained by subtracting from

the above equation the cysteine concentration which has been

found by the method described in Paper II (1).
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The preparation of the original test solution requires a different

procedure, depending upon how and from what it is prepared.

Shaking it with chloroform, as mentioned in Paper II, will help

to eliminate some interfering substances.

By combining the method of cysteine determination described

in Paper II (1) with the present method, cystine mixed with

cysteine can be satisfactorily determined. Table I shows one ex-

ample of results obtained by carrying out the two methods in a

routine manner.

The accuracy of the present method when applied to solutions

containing extraneous reducers can be seen from Table II, the

results in which were obtained by carrying out the method in a

routine manner.

The concentrations of the extraneous reducers are very high.

Such extreme conditions can hardly exist in actual cases, and yet

the method gives fairly satisfactory accuracy, which will undoubt-

edly be greatly increased by practise.

The applicability of this method to urine will be shown in

Paper VII.

SUMMARY

The conditions involved in the color production by cysteine

or cystine and phospho-18-tungstic acid reagent in the presence

of NaHSOs have been investigated, and a method for the deter-

mination of cystine has been devised

The author would like to express his gratitude to Mr. Robert
McNeil of the McNeil Laboratories for his support of this re-

search.
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THE DETERMINATION OF THIOL AND DISULFIDE
COMPOUNDS, WITH SPECIAL REFERENCE TO

CYSTEINE AND CYSTINE

VI. THE REACTIONS OF ASCORBIC ACID AND GLUTATHIONE
WITH PHOSPHO-18-TUNGSTIC ACID REAGENT

Bt KAMENOSXJKE SHINOHARA* and KIVELY E. PADIS

{From the Lankenau Hospital Research Inshtutej Philadelphia)

(Received for publication, August 3, 1935)

Ascorbic acid, a strong reducer and a normal constituent of

urine and other biological materials, is probably the most im-

portant substance to be considered when a method for cysteine

and cystine determination based upon the reductivity of cysteine

is applied to these materials. Glutathione, glutamylcysteinyl-

glycine, also a frequent constituent of many biological materials,

is another compound whose behavior toward phospho-18-tungstic

acid must be carefully examined. Experimentation along these

lines showed that ascorbic acid can be differentiated from cysteine

and cystine, and any one can be quantitatively determined in a

mixture of them. Glutathione, however, showed peculiar be-

havior in the test, which can probably be attributed to its hydrol-

ysis, Thus, when cysteine or cystine coexists with glutathione,

the method is useless, unless glutathione is determmed as cysteine

after hydrolysis with an acid.

EXPERIMENTAL

Reagents

0.01 M ascorbic acid in 0.2 n H2SO4 . Merckxs preparation

(cebion or crystalline vitamin C) was used without further analysis

for its purity, except that the water content was determined by

drying over P2O6 arid found to be negative. It is highly probable

that the preparation is at least 98 per cent pure according to the

* Robert McNeil Fellow of the Lankenau Hospital Research Institute
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color intensity developed with a freshly prepared solution and the

phospho-18-tungstic acid reagent, as will be shown later. The

rapid oxidation of the solution on standing at room temperature

can also be detected by the decrease m the color intensity devel-

oped by the solution with the reagent. For this reason, the solu-

tion was used no more than 1 hour after its preparation or its

strength was redetermined if used

0 01 M glutathione in 0.2 m HCl. Eastman Kodak Company's

and Hoffmann-La Roche's preparations were used without fur-

ther analysis. The water content of the former is unknown and

that of the latter was found to be 0.7 per cent by drying it over

PgOfi. The solution changes fairly rapidly on standing at room
temperature, as will be shown later.

Other reagents and experimental technique are exactly the

same as previously stated (1~3) unless otherwise mentioned. The
color standard contams 4 X 10”“* m cysteine with the specified

amount of the other constituents (2).

Ascorbic Acid

Change of 0,01 m Ascorbic Acid in 0,2 n —^The solution,

when tested for its color production with phospho-18-tungstic

acid in the specified medium immediately after its preparation,

gives twice the intensity produced by cysteine of the same molar

concentration. However, the abihty to produce color decreases

rapidly as the solution stands in the air at room temperature.

Table I shows roughly the rate of this change. The solu-

tion when preserved in a nitrogen atmosphere seems to remain
unchanged

Color Production of Ascorbic Acid with Phospho-18-Tungstic

Acid Reagent—Like cysteine, ascorbic acid very rapidly reduces

the complex acid reagent in the specified acetate-acetic acid buffer

to produce blue color. The following experimental results are

shown in Fig 1 : first, the time interval required for the attain-

ment of the maximum intensity mcreases with increase in the

ascorbic acid concentration; second, the color intensity is directly

proportional to the ascorbic acid concentration; third, the maxi-
mum color intensity developed by ascorbic acid is twice that

developed by cysteine of the same molar concentration, which
conforms with the fact that 2 hydrogen atoms are lost in its

oxidation (4).
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Addition of HCHO somewhat decreases the rate of color pro-
duction. One peculiar phenomenon for which no explanation is

found is that when 1 cc. of 38 per cent (12 67 m) HCHO solution is

added to the mixture containing a definite amount of ascorbic

acid, just as in the case of other extraneous reducers (2) the rate

of color production and also the maximum intensity seem to

diminish, while when 6 cc. of 2 m HCHO solution (the same
amount as in the solution above) are added, the rate and the
maximum intensity are the same as without HCHO (Fig. 1).

Principally for this reason, the quantitative differentiation of

cysteine and ascorbic acid should be carried out with 6 cc. of

Table I

Change of 0 01 m Ascoi hie Acid inO B n H2SOA on Standing in Air at

Indicated hy Change in Color Intensity Developed hy

Phospho-18~Tungstic Acid

Composition of the color solutions, sodium acetate 0 40 m, acetic acid

0 12 M, ascorbic acid 4 X os X 10“^ m(=2 cc of 0 Ola m solution in 0 2 n
HjjSOi per 60 cc ), phospho-18-tungstic acid reagent 4 cc per 50 cc ; total

volume 50 cc

The color standard was a solution containing 4 X 10”^ m cysteine in place

of ascorbic acid

a “ relative purity of ascorbic acid which changes on standing

Color intensity
Time, hrs

0 05 017 21 22 25 28 45 5 124 336

Solution A . , 1 96 1 54 1 45 0 992 0 072 0 0

B.. . 1 97 1 53 1 39

2 M HCHO solution instead of 1 cc. of 38 per cent solution, and

the intensity determmed after about 15 minutes. By employing

this method of differentiating cysteine and ascorbic acid, they

were deternuned m mixtures of various ratios. The results in

Table II show the applicability and accuracy of the method.

Color Produchon hy Ascorbic Acid in Presence of NaHSOz—
Ascorbic acid produces the same color intensity with NaHSOs as

without it, provided the intensity contributed by NaHSOs is sub-

tracted from that observed. Also, the intensity is strictly pro-

portional to the concentration, as seen in Fig 2 Ascorbic acid,

after being oxidized by the introduction of air, produces no color

at all, even in the presence of NaHSOa.
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Pia. 1. Color production of ascorbic acid -with phoapho-18-tungatic acid
reagent. Composition of color solutions, sodium acetate 0 4 m, acetic acid
0.12 M, ascorbic acid m varying amounts, pbospho-lS-tungstio acid reagent

volume 60 co ; temperature 26-32“. For a color
stMdard a solution of the same composition was used, except that it con-tamed 4 X 10-« M cysteine m place of ascorbic acid /, color intensity.

Table II

Osfemiaation of Cysteine and AscorUc Acid %n Mixture hy Use of SOHO
OyatoM added Ascorbic aeid added Cysteine found Ascorbic acid found



Table III

Deterrmnation of Cysteine or Cystine and AscorUc Acid in Mixture by
Use of HgCh

Cysteine or
cystine added

Ascorbic acid
added

Cysteine or
cystine found

Ascorbic acid
found

MX to*- uXlO* MX to* MX to*

Cysteine 0 0 2 08 0 0 2 08
added 0 2 2 08 0 142 2 07

0 2 2 38 0 04 2 41
0.4 1 04 0 39 0 996
2 0 0 208 1 94 0 212
2 0 0 62 1 92 0.514
4 0 0 12 3 92 0 086

Cystine
!

0 215 1.00 0 160 1 03

added 0 225 2.38 0 06 2 41

0 860 1.00 0 77 1.01

2 15 0.20 2 11 0.205

4 3 0 50 4 30 0 46

Fig 2 Color production of glutathione with phospho-18-tungstic acid

reagent with and without NaHSOs Composition of color solutions,

sodium acetate 0 4 m, acetic acid 0 12 m, glutathione in varying amounts, as

shown on the figure, phospho-*18-tungstic acid reagent 4 cc per 50 cc
;
total

volume 50 cc The presence or absence of NaHSOs is indicated on the

curves. /, color intensity.

701
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HgCl2 produces a dark precipitate with ascorbic acid ia the

acetate buffer, both with and without sulfite, which is very likely

due to the former’s reduction by the latter. However, if the

phospho-lS-tungstic acid reagent is added 1 minute after mixing

the other components, practically the same color intensity is

developed and the precipitate, although present, scarcely inter-

feres with the colorimetry unless the ascorbic acid concentration

is higher than 1.5 X 10“® M. The rate of color production is not

noticeably changed in the presence of 0 06 m HgCh, the concen-

tration used for differentiating cysteine and cystine from extra-

neous reducers.

Cysteine or cystine and ascorbic acid, when mixed, can be

determined with fair accuracy by the method for cystine deter-

mination unless the amount of the former is very small in com-

parison with the latter, as shown in Table III. In spite of the

presence of the keto group in its molecule, ascorbic acid was found

not to give red color with nitroprusside by the modified nitro-

prusside test (6).

Glutathione

As briefly pointed out in JPaper I, a sample of glutathione

(Eastman Kodak Company) showed various peculiarities in its

color production with phospho-18-tungstic acid reagent, which

were at that time considered for several reasons to be due to the

oxidized glutathione produced during preservation However,
later Hoffmann>La Roche’s preparation, for which high purity

was claimed, was obtained and showed the same peculiarities.

Both samples showed by the modified nitroprusside test (6) in-

tense red color which is probably greater than that produced by
cysteine of the same molar concentration.

The agreement of two samples of different manufacturers in

connection "with the intense nitroprusside reaction indicates that

the peculiarities are due to reduced glutathione, not oxidized,

though a strict analytical test proving this point is lacking, owing
simply to the scarcity of the material. Since these points un-
doubtedly throw light on the chemistry of glutathione and on the

establishment of an analytical method for its determination, they
will be reported.

Color Production of Glutathione with Phospho-lS-Tungstic Acid
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Recgefit ^The color production by glutathione in the acetate
buffer is greatly influenced by the order of addition; that is,

when the reagent is added before glutathione, the apparent maxi-

Fig. 3 Change in color production with phospho-18-tungstio acid rea-

gent of 0 01 M glutathione solutionm 0 2 M HCl on standing Temperature
25-33.5®. Color intensities, J, were developed in the same way as the

cysteine color standard solution containing 4 X 10”^ m cysteine. Gluta-

thione from the Eastman Kodak Company is denoted by the capital letters.

A' 0.13 hour old (the reagent was added before glutathione), k 0 13 to 2.0

hours old, B 23 hours, 0 48 hours, D 70 hours, E 93 hours, F 117 hours, <? 144

hours, H 168 hours, I 240 hours, J 288 hours, K 360 hours Glutathione

from Hoffmann-La Koche, Inc,, is indicated by the lower case letters, a

0 1 to 1 0 hour old, h 18 to 21 hours, d 66 hours, e 90 hours, / 114 hours, i 240

hours, J 282 hours

mum intensity readied in about 10 minutes is rougUy one-half

of that developed when the order is reversed (Fig. 3). Hence,

in the further experiments the latter order was employed, in

conformity with the case of cysteine The rate of color develop-
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ment decreases with increase in glutathione concentration, and

the intensity is not directly proportional to the concentration.

Moreover, the intensity does not reach, in a strict sense, its

maximum, but gradually increases with time. The apparent

maximum intensity developed, say in 1 hour, is far less than by

cysteme of the same molar concentration. These aspects can

be seen in Fig. 2.

The addition of the specified amount of HCHO totally inhibits

the color production, as is the case with cysteine.

With NaHSOa glutathione develops greater intensity than

without, the intensity reaching its maximummore slowly. There-

fore the relation between intensity and concentration cannot be

known. HgCh added in the same manner as for cystine entirely

prevents color production by glutathione in the presence of

NaHSOa. From this it can safely be inferred that oxidized gluta-

thione does not give color with NaHSOa when HgCh is added.

Change of Glutathione Solution on Standing—Some chemical

change takes place m a glutathione solution preserved at room
temperature. It can be detected when a certam amount of the

solution is tested at various intervals for its color production with

phospho-18-tungstic acid reagent under the conditions of the

cysteine determination. The change in the mode of color produc-

tion by glutathione solutions of different ages is seen in Fig. 3.

A striking aspect is that the color intensity increases with the age

of the solution. 0,01 m glutathione solution in 0.2 m HCl changes

far more rapidly than that to which no acid has been added. The
difference between the -two preparations, as seen in Fig. 3,

IS probably due to the conditions under which the two experi-

ments were earned out, the Eastman Kodak Company's prepa-

ration being tested exactly 1 year before the Hoffmann-La Roche.

However, the results with the two preparations coincide well

within 24c hours (Fig 3). It is diflicult to ascertam the final

intensity produced by the solutions on standing, owing probably
to oxidation of the original preparation and its product, yet the

intensity produced with a 288 hour-old solution is 95 per cent

of that expected from the molar concentration of the—SH group.

Change of Glutathione at High Temperature (80° ± OJ°)—In
order to study more accurately the change that takes place on
aging of the glutathione solution, four series of experiments were
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carried out in which the change was accelerated by heating to

80° =h 0.1° in a nitrogen atmosphere. The apparatus used is

the same as in the hydrolysis of cystine (5). Four 0.01 M gluta-

thione solutions were used, the first containing 1.0 m HCl, the

second 0.2 m HCl, the third neither acid nor alkali, and the fourth

0.2 M NaOH.

Fiq. 4. Change of glutathione solutions at 80® indicated by color pro-

duction with phospho-18-tungstic acid reagent. Composition of color

solutions, sodium acetate 0,40 M, acetic acid 0 12 m, 0 01 m glutathione

solution 2 oc per 50 cc
,
phospho-18-tungstie acid reagent 4 cc per 50 cc.;

total volume 50 cc. 7, color intensity

All of the solutions were found to undergo the change at a

much higher rate than at room temperature, but the rates differ.

As shown in Fig. 4, the change is more rapid, the more strongly

acid the solution is. Some of the curves show more than the

unit intensity expected for the amount of SH group used. This

is, no doubt, due to the evaporation of water during heating.
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In fact, the volume of the solution left after 24 hours was found

to be only 50 cc., while it should be 76 ec.

In all these solutions, production of HaS is observed when tested

by lead acetate paper inserted in a tube through which Na gas

from the solution is passed. Within 30 minutes, however, it

seems that a solution higher in acidity is slower in HaS production.

Glutathione in 0.2 m NaOH changes as rapidly as that in 0.2

M HCl at first, but another decomposition also takes place rapidly.

The solution becomes brownish in 10 minutes, and shows marked

reaction of H2S. The manner in which the heated alkaline solu-

tion produces color in the acetate buffer greatly differs from that

of the acid solutions in that the color production by the alkaline

solution does not reach the apparent maximum for several hours.

This behavior is probably due to the presence of a large amount of

HaS. Owing to this rapid side reaction, its curve (Fig. 4) is quite

different from those of the acid solutions.

DISCUSSION

With this experimental evidence, the method of determining

cysteine can also be applied to the determination of ascorbic

acid, provided other extraneous reducers like quinol, pyrogallol,

ferrous salts, cuprous salts, etc., are absent, cysteine being used

as the standard. The advantage of this method is that it enables

simultaneous determination of cysteine, cystine, and ascorbic

acid from each other by the use of HCHO and HgCb. Such a

method probably has wide application for biological materials.

Even qualitatively the modified nitroprusside test for cysteine

(5) fails to produce color in the presence of ascorbic acid, HgCU
was reported to oxidize ascorbic acid (6) and slight reduction of

HgCb was observed also in the present experiments, but under
the conditions of the cysteme determination this seems not to

interfere seriously with accuracy.

Glutathione reduces the phospho-18-tungstic acid reagent only

partially and even the app'arent maximum intensity slowly in-

creases. Experiments on the change of the glutathione indicate

that the change is catalyzed by acid and also by base, like the

hydrolysis of sucrose However, in alkaline solution a side re-

action in which HaS is produced takes place to such an extent that
after a certain point the change is obscured This change of
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glutathione is very likely due to its hydrolysis, producing either

cysteine or its dipeptide. On account of these pecuharities

cysteine or cystine cannot be determined when glutathione is

mixed with them. However, as experimental results show,

glutathione heated at 80° for 5 hours in 1 n HCl (or probably

H2SO4) will produce practically the same intensity^ as cysteine of

the same molar concentration, and hence cysteine and glutathione

can be determined as cysteine after hydrolysis, when they are

mixed in a test material.

Hunter and Eagles (8) reported that high alkalinity caused by
the addition of a slight excess of NaOH to test solutions of gluta-

thione gave the same intensity as cystine of the same molar

concentration in the presence of NaaSOs Whether this is due to

the shift of reduction potential of glutathione or its decomposition

cannot be answered at present.

The establishment of a method for determining glutathione

awaits further research At present the modified nitroprusside

test (6) will give fairly dependable results, although the precision

is very low. Ascorbic acid and glutathione can easily be differ-

entiated by the use of ECHO, as stated before

With regard to the incomplete reduction of the reagent by
glutathione, Green (9) reported the reduction potentials of

cysteine, glutathione, and ascorbic acid. However, a definite

answer awaits the study of the oxidation-reduction potential of

the phospho-18-tungstic acid reagent.

STJMMAEY

The behavior of ascorbic acid and glutathione toward the

phospho-18-tungstic acid reagent was studied. Ascorbic acid

can be both differentiated from cysteine and cystine and also

determined by the same method, provided other extraneous re-

ducers are absent Glutathione produces far less intensity than

cysteme of the same molar concentration. A solution hydrolyzes

on standing to give more intense color with the phospho-18-

tungstic acid reagent. The hydrolysis is catalyzed by acids and

bases. This peculiarity of glutathione limits the determination

^ The production ofH2S in acid solution after 5 hours is negligible Con-

cerning the error in cysteine and cystine determinations by hydrolysis,

Lngg^s paper is cited (7)
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of cysteine and cystine unless the glutathione is previously

hydrolyzed and determined as cysteine.

The authors would like to express their gratitude to Mr. Robert

McNeil of the McNeil Laboratories for his support of this re-

search.
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THE DETERMINATION OF THIOL AND DISULFIDE COM-
POUNDS, WITH SPECIAL REFERENCE TO

CYSTEINE AND CYSTINE

VII- APPLICATION OF THE MODIFIED PHOSPHO-IS-TUNOSTIC
ACID METHOD FOR THE DETERMINATION OF CYSTEINE,

CYSTINE, AND ASCORBIC ACID IN URINE

By KAMENOSUKE SHINOHARA* and KIVELY E PADIS

{From the Lanhenau Hospttal Research InstitutCj Phladelpkia)

(Received for publication, August 16, 1935)

The phospho-18“tungstic acid methods modified by one of the

authors (1-6) for the determination of cysteme and cystme were

shown to give satisfactory results when applied to pure solutions,

even in the presence of various extraneous reducers The advan-

tage of these methods is that by them not only can cysteine and

cystine be differentiated but also ascorbic acid from either of

them. One limitation is that the presence of glutathione upsets

the determmation unless it is hydrolyzed and determined as

cysteine.

To study the applicability of the methods to urine a series of

experiments was carried out, during which the details of the meth-

ods had to be modified slightly, owing to the chemical complexity

of urine. The results show that the method can be applied to

urine with satisfactory accuracy for the purposes mentioned

above- The determination of the substances in fresh normal

urine showed that it usually contains cystine and ascorbic acid.

BXPEBIMENTAL

Color Produchon by Cysteine Added to Urine—^Fresh urine gives

fairly intense color in the modified phospho-18-tungstic acid

test (1). Therefore, that used in the present experiment was

previously oxidized by bubbling air vigorously through it. The

oxidation is complete in 3 hours at most, as is seen in Fig. 1

* Robert McNeil Fellow of the Lankenau Hospital Research Institute

709
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which shows the decrease in intensity produced by 10 cc, of urine

in the phospho-18-tungstic acid test for cysteine.

10 cc. of the oxidized urine, to which varying amounts of 0.01

M cysteine in 0 2 m HCl had been added, were put in a buffer of

0,4 M sodium acetate and 0.12 m acetic acid and the rest of the

process followed exactly the same as with pure cysteine solu-

tion (1).

Fig. 1, Oxidation of urine by air, indicated by color intensity produced
in phospho-18-tungstic acid test for cysteine Temperature 25-28° (air

is vigorously bubbled through the urine) Composition of test solutions,

sodium acetate 0 4 m, acetic acid 0 12 m, urine 10 cc per 50 cc
,
phospho-18-

tungstic acid reagent 4 cc. per 60 cc.; total volume 50 cc Color standard,

4 X 10"^ M cysteine and an adequate amount of brom-thymol blue solution

in place of urine Z, color intensity.

The color standard used here contained an adequate amount
of brom-thymol blue solution, added to simulate the yellow color

of the urine, besides 4 X 10“^ m cysteine and other components.
The experimental results are given in Fig. 2 which shows that the

color development with time is practically the same as when pure

cysteine is used, except that here the intensity slightly increases
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with time, even after 30 minutes This may be due to the pres-

ence of some extraneous reducers (like creatinine) even after oxida-

tion, which is indicated by the fact that the blank which has

HCHO in it produces famt color on standmg. The intensity

developed after 15 minutes by urine containing various amounts
of cysteine is proportional to the cysteine concentration, provided

Fig 2 Color production of cysteine in urine with phospho-lS-tungstic

acid reagent. Composition of colored test solutions, sodium acetate 0 4
M, acetic acid 0 12 m, urine containing varying amounts of cysteine 10 cc.

per 50 cc
,
phospho-18-tungstic acid reagent 4 cc per 50 cc.; total volume

60 cc. Color standard, solution containing 4 X 10”^ M cysteine and an
adequate amount of brom-thymol blue besides all other components of

the test solution. Blank, solution containing the urine to which no cysteine

is added. The presence of HCHO does not change the intensity. J, color

intensity.

the intensity given by the blank is subtracted from that observed,

especially when the cysteine concentration is small. It was

found that addition of 6 cc of 2 m HCHO totally inhibits the

color production of cysteine regardless of its concentration (see

Table I).

These experimental results indicate that cysteine can be deter-

mined in urine with rather high accuracy by the method.
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Color Production hy Cystine Added to Urine—^The oxidized

urine containing varying amounts of 0 01 m cystine in 0.2 m HCl

Fia. 3. Color production by cystine in urine with phospho-18-tungstic

acid reagent in the presence of NaHSOs Composition of color solution,

sodium acetate 0 4 m, acetic acid 0 1 m, JSfaHSOs 0 06 m, urme containing
various amounts of cystine 10 cc per 50 cc , phospho-18-tungstio acid rea-

gent 4 cc. per 60 ce
;
total volume 50 cc. Color standard, solution contain-

ing 4 X 10"“^ M cysteine and an adeciuate amount of brom-thymol blue

solution besides acetate buffer and reagent Blank, solution containing the
urine to which no cystine is added, and 2 cc of 0.1 m HgCla I, color

intensity.

was added to a buffer of 0.4 m sodium acetate and 0.1 m acetic

acid, to which 0.06 m NaHSOs had been added, and treated in
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the same way as the pure cystme solution (6). The results are

given in Fig. 3 which shows that in all oases the intensity gradually

increases even after 30 minutes and no apparent maximum is

realized. This is due to greater color production by extraneous

reducers^ in the presence of NaHSOj. In fact, the oxidized urine

produces rather mtense color, and that to which HgCh is added

(blank) slightly less intensity. The difference in the two inten-

sities is, no doubt, due to cysttue originally present. An analyti-

cally important fact is that the mtensities obtained by subtracting

those of the corresponding blanks from those directly observed

are approximately proportional to the cystine concentration

(added plus that originally present).

Establishment of Routine Methods for Determinatipn of Cysteine,

Cystine, and Ascorbic Add in Urine—^Taking the above experi-

mental observations into consideration, together with those re-

ported previously (1-6), we devised the following methods.

Reagents

2 M sodium acetate solution.

2 u acetic acid solution.

Phospho-18-tungstic acid reagent prepared, as reported in

Paper I (1), by the Folin and Marenzi method (7), except that

the addition of lithium salt is omitted

2 M HOHO solution. Diluted commercial 38 per cent formal-

dehyde solution (o.p. grade). Its strength is determined by the

HaOs oxidation method if necessary,

0.1 M HgCla solution. A definite amount of HgCh (c.p. grade)

is dissolved in water. Accuracy is not necessary unless cysteine

hydrochloride is standardized

10m NaHSOs. A commercial preparation (c p. grade) is

dissolved m water to which 50 cc. of 1 M NaOH per liter of the

resulting solution are added. It may be used for 1 month at

least, if well preserved.

0.01 M cysteine m 0.2 N HCl (or H2SO4). Previous to its use

commercial cysteine hydrochloride should be standardized accord-

ing to the method described in Paper IV (4). The solution can

be used for at least a few days if preserved at 0°.

1 Oxidized ascorbic acid was found not to produce color even with sulfite

(6).
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Brom-thymol blue solution. Ordinary indicator solution. Its

strength need not be determined.

Color standard. First, two standard solutions are made, one

containing 10 drops of the brom-thymol blue solution per 50 cc

besides 4 X 10“^ m cysteine, 0.4 m sodium acetate, 0.12 m acetic

acid, and 4 cc. per 50 cc. of the reagent; and the other containmg

all the above substances except brom-thymol blue. The two

solutions are mixed m an adequate ratio, so that the color of the

mixture is about the same as that of the test solution which con-

tains urine, when compared colorimetrically. This mixture is

used as the standard. It can be used for a period of 6 hours at

least.

Technique

Cysteine Determination {Method 1)—

A

test solution is made
with 10 cc. of acetate and 3 cc of acetic acid solutions, 10 cc. of

the urine to be tested, and 4 cc. of the reagent, the total volume

being 50 cc. The blank is made in exactly the same manner ex-

cept that 6 cc. of HCHO solution are added 2 minutes before

the reagent. The color intensities are determined in about 15

minutes.

The intensity of the test solution is symbolized by and that

of the blank by Ih Then the followmg equation gives the molar

concentration of cysteine in the test solution, from which the

amount of cysteine in the urine is calculated.

Co (It - 4) = Ce-sh (1)

where Co is the molar cysteine concentration (4 X 10'^) of the

standard solution and Cr_sh that of the test solution.

Cystine Determination {Method 2)— test solution is made
containing 10 cc. of acetate and 2 cc. of acetic acid solutions,

3 cc. of NaHSOa solution, 10 cc. of the urine to be tested, and 4 cc

of the reagent, the total volume bemg 50 cc. The blank is made
exactly the same except that 2 cc. of HgCb solution are added
2 minutes before the reagent. The color intensities are deter-

mined in 20 minutes.

Represent the intensity of the test solution by and that of

the blank by Then Equation 2 gives the combined molar
concentration of cysteine and cystine in the test solution, from
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which the amount of cystine in the urine is easily found by the

use of Equation 1.

+ C'e._s-s-b

where s^nd are the respective molar concen-

trations of cysteine and cystine in the test solution.

Ascorbic Acid Determination—^The amount of ascorbic acid

can be obtained according to Equation 3 from the value of h
found in the cysteine determination, provided the amount of

the other extraneous reducers is negligible, which has so far been

found to be the case.

Co (75/2) = Ca (3)

where Ca is the molar concentration of ascorbic acid in the blank.

If a perceptible amount of extraneous reducers (like creatinine®) is

present, which is ascertained by oxidizing the urine by vigorously

bubbling air through a part of it for 2 to 3 hours, the h value

obtained with it {oh) is subtracted from the original h value

(obtained with fresh urine). The difference gives Ca according

to Equation 3-a.

Co— = Ca (3-a)
2

The I't value also gives the approximate value of Ca. However,

this is complicated by the contribution of color by NaHSO* and

also by the other extraneous reducers in its presence.

Test for Apphcdtnlity of the Methods—In order to demonstrate

the accuracy of the methods, several series of determinations were

carried out in a routine manner with oxidized urine to which the

three substances had been added in various ratios. In a few

cases, blank solutions with either HCHO or HgCla were obsei'ved

to form precipitate. The results are presented in Table I. Here

the amounts of the three substances added and found are ex-

pressed as their molarity in the test solutions. Figures for the

cystine found represent the sum of the substances originally

* The color produced by creatinine of less than 2 X 10* m m the test

solution may be disregarded (1).
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Table I

Recovery of Cysteine^ Cystine^ and Aecorhic Acid Added to Oxidized Urine

Sn

added

'T

't

T

D

0

a

1
s'*

1

1
.s

w 3
—

S

—

found

F li ft

1

I't 1 1

M
X
10*

MX
10*

iifX
10*

af XIO* MX
10*

0 0 0 061 0 061 0 000

0 4 0 135 0 069 0 066 0 264

1.2 0 314 0 085 0 229 0 916

2 0 0 518 0 070 0 448 1 792

3 0 0 818 0 071 0 747 2 988

4 0 0 987 0 917 3 668

6 0 igKill0 073 1 507

0 0 0 119 0 066 0.053iBiiii

0 4 0 289 0 065 0 224 0 448

1 0 0 568 0 063 0 505 1 010

1 5 0 799 0.065 0 734 1 468

2 0 1 079 0 065 1 014

3 0 1 495 0 065 1 430 2 860

4 0 1 980 0 063 1,920 3 840

0 0 0 250 0 150 0 100

0 4 0 413 0.115 0 298 0 596

2 0 1 102 0 116, 0 986 1 972

4 0 2 088 0 116, 1 872 3 774

0 0 0 183 0 085, 0 098 0 196

0 2 0 208 0 091 0 117 0,234

0 4 0 249 0 100 0 149 0 298

1 0 0 543 0 100 0 443 0.886

1 4 0 769 0 102 0 607 1 214

2 0 1 074 0 094' 0 980

4 0 2 073 0 088' 1 985 3.970

0 0 0 299 0.108 0 191 0,382

0 4 0 385 0,109 0 276 0 552

1 0 0.627 0 113 0 514

2 0 1 053 0 105 0 948 1 896

0 0 0 0 JMtM 0.105 0 077 0 028 0 056

0 4 0 4 0 469 0 069 0 400 0 424 0 376

0 784 0 070 0 714 1 028

SsSliii 1 286 0 051 0 235 2 044

4 0 0 100 0 000B! 2 345 0 053 2 292 4 184

MX
10«

Ascorbic

acid

found
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present in and added to urme. Therefore, the value of the

cystine found for oxidized urine itself should be subtracted from

them, if the cystine added and that recovered are to be compared

The values for ascorbic acid found also represent the sum of the

ascorbic acid added and extraneous reducers present in the oxi-
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dized unne and expressed in the molarity of ascorbic acid. There-

forethevalue of the ‘^ascorbic acid found^^ of the oxidized urine itself

should be subtracted from each for comparison with those added.

The cysteine found can be taken by itself, as the amount of

cysteine in the oxidized urine is 0, within the limits of experimental

error, which are seen under 'Ti — IiJ*

The results of the determinations indicate the following facts.

(1) h values are the same within the limits of experimental error

(drO.Ol) regardless of the cysteine concentration, as is seen under

Ih for urine Sample 1. (2) Jh values of urine Samples 1, 10,

and 11 are not 0 but 0.061, 0.065, and 0.048 respectively. This

fact is due possibly to incomplete oxidation of urine, although

partly to some extraneous reducers. (3) olt — oh (It — h of

oxidized urine) values of each sample, and also It — Ib values of

Sample 10, to which vaiymg amounts of ascorbic acid only are

added, are seen to be 0, within the limits of experimental error,

which clearly mdicates that the oxidized urmes contain no cys-

teine. (4) The values for the cysteine found of Samples 1, 6,

7, 8, and 9 show the high accuracy of Method 1 in ordinary cases,

although it apparently decreases with increase in ascorbic acid

concentration, as seen in Sample 11. (5) As seen from the ascor-

bic acid found of Samples 10 and 11, ascorbic acid can accurately

be determined by Method 1. (6) I'h values for the same urine

are the same within the limits of experimental error, regardless

of cysteine or cystine concentrations, as seen for Samples 2 to

9. (7) J'f — I'j values of the oxidized urine are rather high,

which clearly indicates the presence of cystine in it. As seen for

Sample 10, — J's values are the same for the same urine re-

gardless of the ascorbic acid concentration. (8) As seen for Sam-
ples 2 to 10, the values of the cystine and also cysteine found

by Method 2, which are obtained by subtracting those of the

oxidized urines from those of urines to which cysteine or cystine

has been added, are smaller than the amounts added. This fact

suggests that the color development is not complete within the

time limits. However, the values may be considered as satis-

factory for biological materials. (9) As seen for urine Samples
5 to 9, ohb^ values are far greater than oh values of the same

• cPb represents the intensity of oxidized urine in the presence of HgCh
and NaHSOa, while db is the intensity in the presence of HCHO and with-

out NaHSOg,



K. Shinohara and K. E. Padis 719

urine samples, since NaHSOs contributes some color, besides that

produced by extraneous reducers in its presence.

In general, the methods may be considered quite satisfactory

for the differential determination of the three substances in

urine

Table II

Determtnahon of Cysteine^ Cystine, and Ascorbic Acid in Fresh

Normal Urine

Time of unno collection Gyeteme Cystine Ascorbic acid

mg per
100 cc

mg per 100 cc mg per lOO cc

Subject A lat day, 10 30 a m 0 07 2 5 3 2

2 00 p m * 0 5 1 6 11 25

4 45 0 35 1 1 6 0

2nd day, 9 30 a m 0 6 2 6 6 7

Subject B 1st day, 12 30 p.m. 0 85 2 7 5 35

3 00 “ * 0 8 4 8 11 6

Subject C 1st day, 10 45 a m 0 0 3 8 17 9

1 15 p m * 0 3 3 6 26 8

1

4 20
“ 0 5 2 0 22 1

1

!

2nd day, 9 30 a.m 0 6 28 5 4

Values found by Virtue and Lewis (8) 11-75
11 8-12 5

Looney (9) 0- 10 0

4 0 (Average)

Van Eekelen et al (10) 15 0 -25 0

Harris et al (11) 0 76-25 0

2 0-40
(Normal)

* The urine was collected 2 to 3 hom*s after taking about 150 cc of orange

juice.

DeterminaUon of Cysteine, Cystine, and Ascm^bic Acid in Fresh

Urine—^After the methods had been found reliable, they were

applied to the analysis of fresh urines from normal persons. The
determinations were made as soon as the samples were collected,

their results being shown in Table II.

As seen in Table II, the amounts of cysteine found are all very

small However, the maximum deviation which takes place in

cysteine determination is less than 0.2 mg. according to Table I,

THK JOTTRNAL OP BIOLOGICAL CHBMISTRT, VOL 112, NO. 2
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while the values here found are generally 3 to 4 times greater.

For this reason the values may be taken as representing the

amount actually present in urine. It is naturally expected that

there is more or less cysteine in urine, which is a reducing system.

The amount of cystine foimd is rather constant, ranging from

1.1 to 4.8 mg. per 100 cc. Without using the same urine, com-

parison with the values found by other workers cannot be made;

however, the agreement, at least in the order of magnitude with

these values, proves the applicabihty of the method The
amounts of ascorbic acid found here are also m good agreement

with those previously found by other workers (10, 11) by different

methods.

To test the actual presence of cysteme or cystine in the urine,

excess HgCh solution was added to fresh urine and the precipitate

was separated and washed many times with water and acetone

It was found to contain sulfur. The precipitate was decomposed

by H2S, the HgS precipitate was filtered off, and the H2S in the

filtrate driven off. The final solution gave a distinct red color in

the modified nitroprusside test (12) and roughly equivalent color

was produced in the modified phospho-18-tungstic acid test.

The filtrate from which HgS precipitate is filtered off does not

give color m the modified phospho-18-tungstic acid test. The
filtrate obtained by precipitating Hg++ as HgS byH2S and driving

off the dissolved H2S with nitrogen again produces color in the

modified phospho-18-tungstic acid test, but no color in the modi-

fied nitroprusside test.

These tests are qualitatively in accord with the findings by
the modified phospho-lS-tungstic acid methods.

In a strict sense, cysteine and cystine may possibly be reduced

and oxidized glutathione However, associated with cystinuria,

they may be accepted as they are, since there is at present no
method which separates the amino acids from their tnpeptides.

To establish normal cysteine and cystine contents, more exten-

sive work should be carried out to obtain average values. HCHO
used in the blank may be substituted by iodoacetic acid, possibly

with more advantage. The use of HgCb may successfully ac-

complish the separation and more accurate determination of the

sulfur compounds from ascorbic acid and other reducers How-
ever, these aspects are left to future study
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STTMMAET

The phospho-lS-tungstic acid methods for differential deter-

minations of cysteine, cystme, and ascorbic acid were tested for

their applicability to urinalysis. Good recovery of the three

substances added to oxidized urine was obtained.

By these methods, the presence of 0.0 to 0.9 mg. of cysteine

per 100 cc of fresh urine, which had been overlooked by previous

workers, and 1.1 to 4.8 mg. of cystme and 3.2 to 26 8 mg. of

ascorbic acid per 100 cc. of fresh normal urine were found.

The authors would like to express their gratitude to Mr. Robert

McNeil of the McNeil Laboratories for his support of this re-

search, and also to Dr. Stanley P. Reimann and Dr. Frederick S.

Hammett of this Institute for their interest and cooperation.
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Notation

(N) = total amino acid, mM per liter

NH,+

(Z=*=) « R *= amino acid zwitter ion, mm per liter

000-

NHa
I

(Z“) « R s= “ ** amphaiuon “ ** “

COO-
NH-COO-

1

(Am") « R ** “ carbamate “ ** “

I

coo-
(BHCOD = bicarbonate, mM per liter

(BjCOa) = carbonate, him per liter

“coiPcOf phyeically dissolved CO2

(Bo.) = (BHCOa) + 2(B2C0,)

= «co,Poo,^
base as carbonates, m -eq. per liter

(On) - (BHCOl) + (B2CO 3)

* This study was aided by a grant from the Faculty Research Committee
of the University of Pennsylvania

t J Allison Scott Fellow.
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724 Carbamate Equilibrium. I

(B+) =
(H+) =

JG-

“cojPco,
(2+j 1^1 + (g+J

CO2 as carbonates, mM per liter

available base, m.-eq. per liter

hydrogen ion activity

so called first acid dissociation constant of H2CO3 (Equa-

tions 1 and 2)

second dissociation constant of HzCOa (Equations 1 and 2)

dissociation constant of amino acid (Equations 3 and 4)

mass action constant of ammo acid-carbamate equilibrium

(Equation 5)

INTBODUCTIOK

That CO2 combines with aininoma, amines, and amino acids to

form carbamates was early recognized and studied in detail by
Siegfried (1908) and by Faurholt (1925). In the case of ammonia
the reaction has usually been written NH3 + CO2 = NH2 • COOH.
The resulting carbamic acid has been isolated in the form of its

salts and esters. Analogous compounds of amino acids are formed

by the action of CO2,
viz. COOH-R»NH2 + CO2 = COOH-R--

NH COOH. They have been isolated as crystalline calcium

salts by Siegfried, According to him the carbamates have the

general formula corresponding to a dibasic salt, viz.

NH COO

R . COO'

\
/;ca

Recently the notion that forms of CO2 other than bicarbonate

are present in blood and are important as carriers of CO2 has stimu-

lated a renewed interest m the chemistry of the carbamates. In

brief, the original idea of Bohr (1905), that CO2 combines directly

with hemoglobin m a manner analogous to its combination with

oxygen, has been replaced by the conception that CO2 combines

with one or more amino groups of the protem to form hemoglobin

carbamates, viz. HbNH2 + CO2 = HbNH*COO“* + H+. This

aspect of the subject has recently been well reviewed by Roughton
(1935).

In this paper we have sought to do two things: (1) we have
applied the mass action law to the equilibria of ammo acids and
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CO2 and have derived equations which describe these equihbna
under a variety of conditions; (2) we have experimentally deter-

mined these equilibria and have tested the validity of the mass
law equations by these data. The theory is satisfactorily sup-

ported by the facts and we believe it to be the first adequate

treatment of the amino acid-COj equilibrium. We have already

shown (Stadie and O’Brien, 1936) and in a separate paper will

discuss in detail how the theory will account for the known experi-

mental facts with respect to the carbamate equilibrium in the case

of hemoglobin and serum albumm

Jonizalion of the Amino Acid

The coexistence upon the same molecule of an amino and a car-

boiqyl group has led to the currently accepted view, first presented

by Bjerrum, that amino acids exist in solution at the isoelectric

pH+ almost entirely as zwitter 10ns,‘ viz.

NHj-

E =

I

coo-

The ionization of the zwitter ions on the aUcahne side of the iso-

electric point may be represented by the equation

NHj NHj

1 1

E ^ in + H+
I I

COO- coo-

or

2* ^ z- 4. h:+

This equilibrium is represented by the equation

(Z-)(H+) ,,

~wr~ ^ (3)

* For the evidence supporting the zwitter ion hypothesis see Sherwin

and Harrow (1936).
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which may be transformed into the convenient “salt" form

The addition of base to isoelectric amino acid increases and

simultaneously increases the proportion of the acid existing as

Z“, When 1 equivalent of base per mole of ammo acid is added,

all of the amino acid exists as For amounts of base less than

1 equivalent the proportion of acid as 7r is given by Equation 4

So far as it is known, this variation of the relative amounts of Z*”

and IS the only effect of the variation of (H+) in an ammo
acid solution.

Cornbination of CO2 with Amino Acid

Either in the literature or as reported here the combination of

CO2 with an ammo acid has been shown by experiment to have the

following characteristics.

1. The preparation and isolation of calcium salts of carbamate

can only be accomplished m a very alkaline medium (Siegfried,

1908).

2. The proportion of amino acid converted into carbamate by
combination with CO2 is greater the higher the pH+ (Faurholt,

1924; Meldrum and Houghton, 1933).

3. No combination of CO2 as carbamate can be demonstrated

with isoelectric amino acid. We show this by the followmg

experiment.

Isoelectric Glycine {Zwitter lonyCOz Equilibrium—Isoelectric

glycine, 0.1 m, was equilibrated with CO2 in tonometers for periods

of 4 to 6 hours. The solution and the gas phases were then

separated and analyzed. The results of this experiment are shown
in Table I. The carbamate calculated from the total CO2 and

“cojFcos is within the limits of error, neghgibly small. In addi-

tion the observed carbamate (the CO2 not precipitated by barium)

is but 0 3 mM per liter, an amount no greater than that observed

in control determinations in which the presence of carbamate is

excluded. Further, the amount is constant despite an almost 10-

fold increase in Pcoa-

It is evident from this experiment that CO2 does not combine
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with isoelectric glycine (zwitter ion), nor, by presumption, with

other amino acids, as carbamate.

Table I

Equilibrium of Isoehctnc Glycine and CO2 {No Available Base Present)

Glycine « 0.1 m per liter.

acOa = 4 87 X 10~*mM per liter per mm. of Hg; ^ = 22°.

The observed carbamate was determined by the Terguson-Honghton
method in the presence of carbonic anhydrase, Cf, text

PcOa

Carbamate

Export-
moot No pH+ Total COj “COa^COa Calculated

by
difference

Observed

MW Bg mi/t per 1 mM per 1 MW per 1 MW per 1

1 86 5 22 4 8 4 5 0 3 0 4

2 167 4 88 9 5 8 6 0 9 0 2

3 264 4 74 13 4 13 6 -0 2 0 0

4 340 4 64 18 5 17 4 1 1 0 4

5 732 4 64 32 8 35 7 -2 9 0 3

Mean . .. , • 0 3

Table II

Equilibrium of Isoelectric Glycine and CO2 in Presence of Bicarbonate

Original solution

Glycine = 0 1 m per liter t = 22°

NaOH « 0 053 M per liter aCO* =* 0 0489 mM per liter per mm. Hg

Equilibrated solution

FoOa 732 mm, Hg
pH^' (observed) 6 60

‘‘ (calculated) , . 6 47

Free CO2 35 7 mM per liter

Base as BHCO3
"" 53 0 t( n

Sum 88 7 tt it tt

Total CO2 (observed) 87 7 (( tt (t

Difference -1 0 tt It (t

Carbamate* (observed) 0 1
tt (t (t

* Determined by the modified Ferguson-Roughton method

4. The bicarbonate or carbonate ion does not combine with

amino acid. This is shown by the two following experiments.
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When the Ammo Acid Is All Zwitter Ion—

A

solution of glycine

containing base was equilibrated for 12 hours with pure CO2.

The pH+ (6.50) was sufficiently acid to assume that all glycine

was zwitter ion and all base bicarbonate. Analysis showed the

results presented in Table II.

The experiment shows conclusively that the free CO2 together

with all the base as bicarbonate fully accounts for the total CO2.

No CO2 as carbamate need be accounted for. Further, only 0.1

mM per liter as carbamate was found directly by our modification

of the Ferguson-Roughton method. Lastly, it might be noted

that the pH+ calculated by the equation

pH'** « 6 30 + log (NaHCO;/«co*Pco,)

agrees closely with the observed values. This is further evidence

for the conclusion that at pH[+ where all amino acid exists as

zwitter ion no combination of the amino acid with free CO2 or

bicarbonate occurs.

When the Amino Acid Is Part Amphion—^The velocity of carba-

mate formation depends upon the concentration of free CO2. It

would be expected (if the concentration of free CO2 were very

small) that the time required for equilibrium to be established

would be great, even in the presence of amphanion and HCO7 or

CO3”. This is found to be so, as shown by the following experi-

ment
A 0.05 M glycine solution was quickly mixed with 0.25 M Na2C08

solution and the pH"^ of the mixed solution determined by means
of the glass electrode over a period of 24 hours. The results are

shown in Fig. 1.

It should be noted that at 0 time the calculated composition of

the solution shows a considerable portion of glycine as anion,

appreciable amounts of HCO^ and COs"", and a minute concen-

tration of free CO2.

As expected, the velocity of the reaction, as indicated by the

rate of change of pH***, is very slow, in sharp contrast to the rapid-

ity with which equilibrium is reached when appreciable concentra-

tions of free CO2 are present (see Fig. 4).

From this experiment we conclude that neither HCO'"' or COa"
per se, but only free CO2, reacts with glycine, even when it exists

as amphion.
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5. Carbamate formation is inhibited in the presence of formol.

As is well known, formalin reacts with free amino groups to form

methylene compounds. It should be expected that in the presence

of formalin the ability of amino acids to react with COj to form
carbamates would be partly or wholly lost. That this is the case

is seen from the following experiments.

A solution of 0.1 M glycine with 0.1 m NaOH with and without

formol was equilibrated with COj at 0“. The concentration of

carbamate when equilibrium had been established in the absence

of carbonates, was found to be 46 mu per liter without formol and

H o URS
Fig. 1 Velocity of carbamato formationm a glycine solution at alkaline

pH+ m the presence of HCOr and COa“ (free COa very small) Composi-

tion at 0 time (except pH'') calculated.

17* mM per htcr with 0.1 to 0.6 M per liter of formol. The experi-

ment shows that in the presence of formol the amount of carba-

mate formed is considerably less than m the control. This is

further evidence that CO2 combines with the ammo group of the

amino acid.

Fvrat Assumption for the Carbamate EqmUbrium—These five

characteristics of the COz-amino acid combination enable us to

state our first assumption for the development of the mass action

equations of the equilibrium of amino acids and CO2 .

‘ Mean of four concordant determinations.
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Free CO2 only reacts with amphion, 000~‘-B-NH2, and not with

the zwiiier ion^ COO“*-B NH^j of the amino acid. This assumption

was first made by Taurholt and concurred in by Meldrum and

Roughton. It will be found subsequently to be in complete

accord with the experiments reported in this paper.

Change of (fl'+) Attendant upon the Combination of CO2 and

Amino Add

Second Assumptim for the Carbamate Equilibrium—^When CO2

reacts with the amphanion of an amino acid, viz. COO““‘R*NH2

+ CO2 ,
there is no a priori reasoning which can predict with cer-

tainty the behavior of the resultant carbamino compound with

respect to hydrogen ions. The carbamino compound might, for

each mole of CO2 bound, (a) ionize 1 equivalent of (&) ionize a

fraction of an equivalent of H+, (c) ionize no additional H+, (d)

combine with 1 or less equivalent of H+.

In point of fact it is found that (a) is the only alternative which

corresponds to the experiments designed to test these possibilities

It must be further decided, moreover, whether the carbamino

compound formed has a single negative charge corresponding to

the formula

NH-COO-
I

R
I

COOH

or a double negative charge corresponding to

NH-COO-
1

R

COO-

It is found that the second of these alternatives is in conformity

with our experiments. This leads at once to our second assump-
tion: the carbamino CO2 compounds of ammo acids are dibasic scHts

at all pH'^ values > ca 7. This is equivalent to saying that these
carbamic acids are dibasic acids whose acid dissociation constants
are both equal to or more than ca. 10"®. The proof of our second
assumption will be given below.
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The Carbamate Mass Action Constant

In accordance with the two assumptions stated above and which
are the only ones necessary for the complete development of the

mass action equations for the equihbrium of CO2 and amino acids,

we may now write the equation for the reaction between an amino

acid and CO3, viz.

COO--R-NH, + COj COO--R-NH.COO- + H+

Amr

For this reaction the mass action equation is

(Am~)(H+) ^ (6)

It is our purpose to show that this mass action constant

governs the equilibrium of amino acids and CO2 under a variety of

conditions. By suitable alterations Equation 6 can be shown to be

in good agreement with experiment. In a subsequent paper we
propose to show that a similar equation is in conformity with the

carbamate-COa equilibrium in the case of proteins such as hemo-

globin and horso serum proteins.

Base Relations in the Amino Acid-COa Equilibrium

As was stated above, CO2 does not combine with the isoelectric

amino acid. Available base must be added m an amount equal

to 1 equivalent per mole or less of acid in order for combination to

occur.” At equilibrium (pH ^ 12, OH" ^ 0.001 m) the base is

expressed by Equation 6.

(B+) = (Z-) + 2(Am-) + (BHOOD + 2(BaOOr) (6)

It will be shown below that under special conditions it is possible

to establish an equilibrium between amino acid and COa in which

no bicarbonate or carbonate is formed. In that case, the base is

expressed by
(B+) = (^-)-t-2(Am-) (7)

® The case m which the equivalents of base added are m excess of 1 will

not be discussed. This case, however, may easily be treated by an exten-

sion of the methods used here.
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These two equations, Equations 5 and 6 (or Equation 7), are

merely the mathematical expressions for the two assumptions

outlined above.

Two Types of Egu%hbri(i Possible %n Reaction between an Amino
Acid and CO%

Equihbnum in Absence of H^GOz or Its Ions IICO~ and OOz";

or ‘^Non-Carbonate” Equilibrium—^An aqueous amino acid solu-

tion which contams 1 equivalent or less of base, and is therefore

at apH+ greater than its isoelectric point, when equilibrated with a

gas phase containing CO2 reacts, so far as we know, in two ways

only with the CO2 ,
viz,

(1) H2O + COa HaCOa ^ H+ + HCOr <=i 2H+ + COr

or

CO2 + OH- ^ HCO7

(2) COO--R-NH2 + CO2 COO~-R-NH*COO- + H**

Reaction (1), the hydration of CO2 to form carbonic acid, is a slow

one, particularly at low temperatures, as has been amply demon-

strated by Faurholt (1924), Brinkman, Margaria, and Roughton

(1933), and Stadie and O’Brien (1933)

,

Reaction (2), the formation of carbamates, on the other hand,

IS rapid even at 0^ (Faurholt, 1925). Assume a solution of an

amino acid to be rapidly equilibrated with a CO2 gas phase for a

short time only It is possible to suppose that the formation of

carbamate would be practically completed, whereas the carbonic

acid formation will be scarcely initiated. In effect, there would
be an equilibrium established which would be one involving amino
acid, carbamate, and CO2 but in which carbonic acid and its 10ns

HCOs" and CO3
” are virtually absent.

We will show subsequently that this type of equilibrium is

experimentally realizable. This ‘^non-carbonate” equilibrium,

as we have chosen to call it, has considerable importance. It

brings out certain relations of the carbamate-C02 equilibrium

which would otherwise be obscure. Further, its mathematical

treatment is simpler and leads logically to a consideration of the

second equilibrium in which carbonates must also be considered.

Equilibrium in Presence of HzCOz or “Total” Equilibrium—If
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the equilibration of the amino acid and CO2 is allowed to proceed

for a sufficient time, the hydration of CO2 to form H2CO3 and its

10ns will go on to completion. The equihbnum will now include

H2COS, HCOa", and COs* in addition to the carbamate and will

be quite different from the first or non-carbonate equilibrium.

We call this the ^HotaV^ equilibrium

In the subsequent development it will become apparent that

both types of equilibrium can be treated mathematically on the

basis of the same assumptions The equations expressing the

equilibria are derived by completely analogous methods. More-

over, the method of approach employed in the case of amino acids

can be applied with very little alteration to the case of hemo-

globin, leading to a consistent and logical explanation of the

experimental facts as we know them.

It must be emphasized that both the non-carbonate and the

total equilibrium are true equihbria in the thermodynamic sense

and therefore both can be treated by means of the mass action law.

Mass Action Bquahon for the Non-Carbonate Equilibrium of Amino
Acid and CO2 and Proof of the Second Assumption

That part of the amino acid which combines with CO2 must no

longer be regarded as amino acid per se but as carbamate, desig-

nated (Am”). The remainder exists either as the amphanion or

the zwitter ion in amounts depending on the pH*^. Accordingly,

the total amino acid may be divided into three parts, Z- the

amphanion, Z=*= the zwitter ion, and Am” the carbamate.

We express this

m = iZ-) + (Z±) + (Am-) (8)

But by Equations 5 and 3

and

CO

Then by combination of these equations we get

(Am-)

ri+—®2_A+<a!)y
“C0»^C02^Aia \ /_

(9)
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This equation, which involves our first assumption only, is appli-

cable to both the non-carbonate and the total equilibria. It can

be readily tested for its validity provided there can be measured

simultaneously the pH+, Pco., and (Am=') for a series of equilibria.

This we have successfully done in the case of the total equilibrium,

as we shall show. In the case of the non-carbonate equilibrium

we have not devised a technique for the simultaneous measurement

of pH+, Pooj> and (Am”). We have, however, measured the

pairs pH+, (Am”) and Pcxta (Am”) in separate experiments.

From Equations 7, 8, and 3 we obtain

(H+) = K.

~
(N) — (B'*') + (Am")

"

(B+) - 2(Am~)
(10)

This equation, which we will prove by ejqjeriment, gives (H+) in the

case of the non-carbonate equilibrium when the concentration of

carbamate is determined and when the constant Kg and the pri-

mary composition (B+) and (iV) are known. Equation 10 elimi-

nates (H+) from Equation 9 and allows (Am”) to be expressed as a

function of Pco, and the constants (B+), (N), Kg.

The proof of this equation, which becomes the proof of our

second assumption, is contained m the following experiments.

A 0 1 M glycine solution, to which had been added 0.05 m NaOH
and 01 m NaCl, was placed in a bubbling hydrogen electrode,

arranged in the conventional way for the deterimnation of pH+.
Hydrogen was bubbled through the solution until constant read-

mgs of the e.m.f were obtained. Then a 50 per cent mixture of

CO2 and Ha was bubbled through the solution for periods varymg
from 1 to 60 seconds, whereupon the e.m.e’. was again measured
within 6 to 10 seconds from the cessation of the bubbling of COj
gas. A sample of the solution was then removed for analysis by
the Van Slyke method for CO2 The pH+ change was measured a

few seconds after equilibration, during which tune the hydration

of CO2 was certainly very small. In other words, the equilibrium

involved carbamate only. All the CO2 is carbamate and Equa-
tion 10 is applicable.

The results of the experiments at 0° and 15° are shown in Fig. 2.

The full line in both cases was calculated by Equation 10. The
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value of pKz used was calculated from the pH+ of the solution in

the absence of COj by the Henderson-Hasselbalch equation.

pH+ — log
(Na glyoinate)

(glycine)

The close agreement of the observed points with the calculated

values leaves no doubt that the second assumption as expressed by

Fig. 2. Comparison of the observed pH"^ m the noU'Carbonate equi-

librium of glycine with the value calculated by Equation 10.

Equation 10 is true. It can easily be shown that any of the other

possibilities discussed in the section above, '^Change of (H+)

attendant upon the combination of CO2 and amino acid,'' would

completely fail to fit the data. Both these experiments show

further that the maximum carbamate formed in the non-carbonate

equilibrium is equal to half the available base, z.e. 26 mM per liter.

A more limited proof of our second assumption in the case of the

non-carbonate equilibrium follows from a consideration of Equar
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tion 7. When m the limit (Am“) is increased becomes zero.

We should then expect to find, when an amino acid is equilibrated

with increasing pressures of CO2 (no HaCOs forming), that

(Ain"“)inaximum ~ i (®^)*

The proof of this equation was obtamed in the following way.

Solutions of ammo acids containing varying proportions of base

were equilibrated with CO2 . The equilibration was performed in

the fashion described under '^Method for measurement of the non-

Tablb III

Maximum Carbamate As PCO2 Is Increased inO 1 M Glycine; No Carbonate

Present (t = 20°)

Experi-
ment No Base ^co.

Carbamate Experi-
ment No Base PcOi

Carbamate

Base Base

m -eq per 1 mm Hg m -eq per 1 mm Hg

1 100 13 0 12 1 80 32 0 39

2 100 31 i 0 36 2 80 84 0 33

3 100 65 0 40 3 80 109 0 41

4 100 74 0 43 4 80 176 0 44

5 100 99 0 43

6 100 125 0 42

7 ' 100 171 0 42

1 60 21 0 33 1 40 14 0 31

2 60 36 0 42 2 40 24 0 30

3 60 37 0 40 8 40 39 0 44

4 60 38 0 37 4 40 88 0 46

5 60 60 0 41 5 40 291 0 48

6 60 84 0 44

7 60 169 0 60

carbonate equilibrium,'^ following, so that the formation of H2CO3
or its ions was virtually excluded. The carbamate concentration

imder these circumstances was measured with increasing values

of Pco*. It vfill be observed (Table III) that in all cases the value

of the ratio (Am")
:
(base) approaches a maximum which shows no

tendency to increase as the Pco^ is mcreased. In no cases does

the maximum ratio exceed 0.5 nor does it differ beyond experi-

mental limits from the value of 0.5 demanded by the hypothesis.

The validity of our second assumption having been established,
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it is now possible to combine Equations 9 and 10 into one equation.

We eliminate H+ and obtain

(Am-) [(N) - (B^) + (Am-)] ^
[(B+) - 2(Am-)]i‘

“
“C0‘ CO,

This is the mass action equation for the non-carbonate equilibrium

of amino acid and COs in terms of stoichiometricaJ constants (iV)

and (B+), the ionization constant K^, and the determinable

variables (Am-) and Poo,-

Method for Measurement of the Non-Carbonate Equilibrium

ByEquation 11 and a simultaneous determination of the concen-

tration of carbamate and the partial pressure of COs at equihbrium,

we may calculate the mass action i^Am for any given solution of

an ammo acid when the constants (N), (B+)aco„ aaid are

known. The method for the study of the amino acid-COs, equi-

librium in the absence of carbonates is similar to the method

first used by Meldrum and Roughton (1933) and descnbed by
them as the “boat” method. We, however, have used a specially

constructed Van Slyke tsqie equilibrating device, the assembly of

which is shown in Fig. 3.

The fecial features of the" apparatus are: (1) a Van Slyke

pipette of 100 cc. capacity. The abrupt flare of the sides of the

bulb just above the lower stop-cock eliminates pocketing of the

equilibrated solution. During the shaking the solution is spread

evenly over the entire interior surface of the bulb in a thin layer;

(2) a short narrow upper stem eqmpped with the usual type of

stop-cock, cup, and side outlet; (3) a water manometer connected

to the upper side outlet; (4) a gas manifold and mercury mano-

meter permitting the introduction of a given partial pressure of

COa into the apparatus; (5) a lower outlet through which the

apparatus may be washed by suction or samples removed for

analysis; (6) a water bath (a 5 gallon jar) which contams the

equilibrating pipette only; (7) a metal support for the equilibrator

(not shown) adapted to a mechanical shaker, givmg a rapid to and

fro motion to the free lower end. The axis of rotation is at the

level of the upper side arm-water manometer union.

The steps m the determination are as follows: (1) A slight
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vacuum is produced in the equilibrator and 5 cc. of the amino acid

solution to be equilibrated are drawn in. (2) The solution is

equilibrated with air for a minute. (3) The pipette is evacuated

and the desired partial pressure of CO2 as measured by the mercury

manometer is introduced. (4) The pressure in the pipette is

brought to that of the atmosphere by letting in air. About half a

minute is allowed for the CO2 and air to come to the temperature

Fig. 3 Apparatus for the measurement of the non-carbonate equilibrium

for ammo acids and CO2 .

of the equilibrator. Inappreciable amounts of CO2 are taken up
by the solution during this time. (5) The water manometer is

connected to the side arm of the equilibrator, and the water menisci

in both arms are adjusted to the same level. (6) The equilibra-

tion IS begun, exactly 45 seconds from the admission of CO2, by
rapid motor shaking of the pipette. The changes of the water

manometer are recorded, together with the time to the nearest

second.
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Fig. 4 gives the result of a typical determination on a solution of
glycine, 0.1 m, containing 0.06 mole of base. It shows as ordinate
die changes in the water level of the manometer and as abscisss
the time as seconds. The curve shows two phases: (a) the first

steep phase due to the rapid uptake of COa in part in physical
solution and in part as carbamate; (6) a second slow phase which
is due to the slow hydration of COj to form carbonic acid and its

ions HCOs"' and COa”. It is found by experiment that physical
solution is complete in about 15 seconds. By extrapolation of the
slow phase to this time, we get a point A. At this point the solu-

Scale Divisions

80 i

I

« 60
it

40

10

o
k
"O

X
20

Non-carbonate eooiubrium at A

glycine 0.100 M/L
NaOH

^

O.IOOM/l
A-k Equilibrium 0*C.
Pco2
Carbamate *ir5»7mM/L

100 200 300 400
Seconds

500

Fig 4 Typical biphasio curve of CO2 uptake for the measurement of the

non-carbonate equilibrium.

tion is in equilibrium with respect to carbamate and CO2 in the

virtual absence of H2CO3,
HCO3”, or CO3”. In other words, A

represents a definite equilibrium state in the non-carbonate equi-

librium of the amino acid-C02 system.

The partial pressure of CO2 and the carbamate concentration at

point A are calculated as follows:

a = volume (co ) of water manometer per scale division

h « factor converting scale divisions to mm. of Hg
d #= difference in hydrostatic levels in scale divisions on the

Hg manometer
Y « volume of free space of equil brator including manometer

in cc.
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s
p.

^COa
B' = B -W

f

Then it can be shown that at any time

Pco, + ol Hg

V (
Total CO4 in solution = (Ani“) + ^ ^

^ \

(Am") = total CO2 in solution — «coa^co*> expressed in mM per liter

Repetition of the experiment with a new value of P» gives a new
equilibrium point A. In this way it is possible to determine a

series of values of Pcoa (Am“), each representing an eqmlib-

rium state of carbamate and CO2 in the absence of carbonates.

A typical calculation is given from Fig. 4. Extrapolating back

along the hydration phase to = 15 seconds, we arrive at point A,

Here the difference m hydrostatic levels of the water manometer is

72 scale divisions. At this point CO2 in the solution phase is

present only as free CO2 and carbamate, and it represents an
equilibrium state mvolving carbamate and amino acid in the vir-

tual absence of carbonates.

The constants for the apparatus are

a = 0 052 cc. per scale division

7 = 79 2 cc

6 = 0 37 mm of Hg per scale division

and for the experiment

d =72;aco*“01
S = 5 cc.

Pi — 100 mm. of Hg
B = 765 " " “

/ « 5 X 90 X lO**®

(aB'/V) + h = 0.86

f{V/8) (iaB'/Y) + 5) = 0.726

Then “ (1 + 0.00065 X 72)100 - 0 86 X 72 = 42 7 mm of Hg

~ volume of solution in cc.

= initial pressure of CO2 in mm of Hg
» pressure of CO2 at any given time

barometric pressure less the aqueous tension in mm, of Hg
1 1 273 0 0161 ^

converts PV to mM
224 760 T T
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Total COi = a - 0.00065 X 72) 0.726 = 50 0 mw per liter

“COa ^COa
(Am“) 46 7 mM per liter

^COa 42,7 mm. of Hg

Method of Calculating

The non-carbonate equilibrium measured in the fashion just

described gives, for example, a series of equilibria in the case of

Table IV

Non-Carhonak Equilibrium of Glycine and Alanine with CO2

t « 20°; alanine 01 m; NaOH 0,05 m; pK^ 9 72; acoa 0 0610 mM per liter

per mm of Hg
Glycine 01m; NaOH 0 05 m; pKz 9 75

Experiment
^’co, (Am“)

(Am-)((Ar)-(B> + CA.m-)l

No l(B)-2{Am-)P

Alamne, i^Am ~
1

1

mrn Hg

1 3

miff per 1

6 7 0 28

(2 53 ± 0 06) 2 ' 3 2 9 1 0 53

xio-« 3 3 1 12 5 1 25

4 5 4 15 6 2 85

5 82 16 9 4 31

6 11 3 18 1 6 49

7 15 0 19 1 9,42

Glycine, ifAm ~ 1 2 6 6 7 0 21

(2 67 =b 0 07) 2 2 8 9 4 0 67

X 10“fl a 4 6 12 0 1 10

4 4 6 12 0 1 10

6 5,8 14,9 2 36

6 8 0 17.1 4 59

7 15 0 19 1 9.43

8 23 7 i 20 0
j

16 00

glycme and alamne as shown in Table IV. Figs. 5, a and 5, b show

the data plotted in two ways:

(a) The left side of Equation 11, viz,

(Am-) im - (B) + (Am")I

[(B) - 2(Am-)]2

is plotted against Pcoa- A linear relation is found as expected

from the equation. From the slope of this line we calculate

for alamne.
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Slope » «* 0.68 db 0.017 from which

•^Am (2.53 =h 0.06) 10-«

PqOz (Glycme)

Pcoj, mmHg (Glycine)
0 5 10 15 20 25 30

Pig. 5, 6

Figs 5, a aitd 5, h The non-carbonate equilibrium of glycme and
alanine. Fig. 5, a illustrates the method of calculating iiCAmJ Fig 5, 6 gives
a comparison of calculated and observed values of (Am"),

^ s.E refers to standard error of the mean.
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(b) Using this value of iTAm we calculate the full line of Fig. 5, h

by Equation 11. The figure also gives the experimental points,

which show a good fit to the calculated line.

It will be observed that the straight line of Fig. 5, a does not

pass through the origin as it should. This is undoubtedly due to a

constant fixed error in the determination of Pqq, or (Am“). Ilie

relative values of Am and Pcoj follow the equation with consider-

able precision, as indicated by the small standard error of

calculated statistically. In consequence of this displacement of

the curve of Fig. 6, a to the right, the fit of the calculated curve

of Fig. 6, b appears less exact.

DISCUSSION

We have measured the non-carbonate equilibrium of several

amino acids and calculated their carbamate mass action constants

under a variety of conditions. All of these equilibria show the

same characteristics.

1. A hyperbolic curve of (Am“) plotted against Poo> nses to a

maximum at comparatively low pressures of CO2 .

2. The maximum (Am") is always one-half of the base.

(Am") [(AO - (B+) -f- (Am-)]

.

[(B) - 2(Am-)]»
is linear to Pcof

A few such curves are shown for illustration. Figs. 5, a and

5, b also show the non-carbonate equihbria of 0.1 m glycine with

0,05 M base at 20®. The curve is very similar to that of alanine,

= (2.67 ± 0.06) 10-».

Fig. 6 shows the equilibrium of cysteic acid. K^m is consider-

ably less and in consequence the curve is more stretched out.

Fig. 7 shows a series of curves for glycine with varying base. The

mean value of pKam for all the curves is 6.27. Using this value

we have calculated the full curves. It is apparent that the calcu-

lated lines conform to the experimental values with considerable

precision.

In Table V we have given the values of determined as

outlined above for the three amino acids, glycme, alanine, and

cysteic acid, under varying conditions. Several points of interest

are worth emphasizing. (1) Glycme and alanine show maximum
carbamate at low pressures. The absolute error in Pco> may
then be considerable, while the relative error which governs the
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involves considerable error. (5) 0.5 equivalent of base is about
optimum for accurate determinations of Kaj,,. (6) At bigb tem-
peratures the hydration of CO* is so rapid that the biphasic char-

acter of the CO* uptake curve (Fig. 4) becomes obscured, and the

location of the equilibrium point A becomes difficult (7) The
effect of an increase of temperature is to mcrease ifAmj as is

apparent from Table V.

Table V
Carbamate Mass Action Constant pKAmfof Vanons Amino Acids Determined

by the Non-Carbonate Eguilibnum

t
Ammo acid

(0 1 M per liter)
Base P^Am

At pet 1

Cysteic 0 060 6 62

20 ({ 0 080 6 83

20 tt 0 050 6 77

20 iC 0 033 6 33

20 Glycine 0 060 5 54

20
1

Alanine 0 050
!

5 67

0
!

Glycine 0 060
i

5 8

38 !

tt
0.060

j

4 9

23 (( 0 020-^ 080 6 47

Total Equilibrium ofAmmo Acid and CO*

When the total equilibrium, as we have defined it previously, is

to be studied, the solution of amino acid containing known con-

centrations of the acid and the available base (usually NaOH) is

equilibrated for a long period of time (2 to 10 hours) . The method
employed is the usual tonometric one (Austin et al., 1922). At the

end of the equilibration, the solution and the gas phase are separ-

rated and analyzed for total CO*, carbonates, carbamates, Pcou
and pH+.

The theoretical development of this equilibrium is based on the

same primary assumptions which have already been discussed,

and the case is no more complicated in principle than the non-

carbonate equilibrium. Since, however, hydration of CO* to

carbonates is complete, the latter must be included in the mass

action equations, which thus become more complex algebraically.
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These mass action equations are derived as follows: At equilibrium

the following relations hold. The total amino acid is

(N) = (Z-) + (2*) + (Am-) (8)

The amphanion concentration is (Equations 4 and 8)

»> - silte

The base as carbonate is

(Boa) - (H+) + (H+);

Then neglecting (OH~), which at pH+ < 12 is small, we get for

the total available base (Equations 1, 6, 12)

(B+) = (Z-) +2(Am-) + (BHCOD +2(B»COD

r/ivT\ /A 1 n/A
[(N) - (Am )] + 2(Am") +

ifCO./ 2Kt\

+) V (H+)/Kz + (H+)
'“ " ' ” '

‘ (H+)

For the total amino acid we have (Equation 9) as before

iN)
(Am-) ’

. «COsfcO.^Am \ Kz /_

(13)

(9)

As before, Equation 9 is an expression for the first assumption as

to the mode of combination of CO2 . It may be tested for its

vahdity in the case of the total equilibrium if the (Am”), Poo.,

and (H+) are known for a series of equilibria. In that case (if Kg
has been determined mdependently) it will be found that IfAm is a

constant, as we shall show. Furtbennore, its value will be found

to be of the same order as that found in the non-carbonate equi-

librium.

Equation 13 will be recognized to contain the second of our

assumptions. It too will be found to be in satisfactory agree-

ment with experiment. It may be tested for its validity provided

a full knowledge of the values of the variables (Am), Pco.» a.nd

(H+) are knoym for a series of total equilibria. It will be noted

that the equation is mdependent of Kj^. The constants Kz,
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Kt, and Jfs arc, of course, determinable by methods totally inde-

pendent of hypotheses of carbamate combination.

The two equations may be combined with the elimination of one

of the variables (PooJ- The resultant quadratic may be simpli-

fied to a close approximation equation. No new hypothesis is

introduced by this step. The equation when acjOtPcoi is elim-

inated turns out to be

(Am") = c/6

where

(14)

1_
(2V) + (H+)J

1 +
2K,

(H+) Z,

/fz K
Zz + (H+)

Am

These equations, which will be amply shown to agree with experi-

ment, complete the theory and it is now possible to calculate in

the case of the total equilibrium the concentration of carbamate as

a function of pH+, Pco« or total bound COs for any amino acid

solution when the constants Ki, Ki, Kz, and J^Am are known
together with the composition as given by {N) and (B+).

The steps in such a calculation are: (1) Calculate (Am") at a

given pH+ by Equation 14. (2) Calculate (2~) by Equation 12.

(3) Calculate (Bon) by Equation 13. (4) Calculate (On), the

total carbonate, by the combined Equations 1 and 2

(On) - (B„

)

1 + 2gi

(H+)

1 +
(H+)

(16)

(6) Calculate Pcoj by Equation 2

(On)
(H+)

Zi
oo>

I
^

(H+)J
^COil
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Bound CO2 mM^L

Fio. 8, e

Fias. 8, a, 8, h, and 8, c Calculated total equilibrium of glycine and
COa with varying available base. Fig. 8, a, carbamate concentration as a

function of pH+; Fig. 8, h, carbamate concentration as a function of Pco»;
Fig. 8, c, carbamate concentration as a function of total bound CDs.

We have made such a calculation in the case of 0.1 M glycine where

the base varied from 0.2 to 1.0 M, emplosdng the constants indi-

cated. The results arc shown in Figs. 8, a, 8, b, and 8, c where

we have plotted the carbamate concentration as a function of

pH+, Pco„ and total bound CO*. The following characteristics

may be emphasized (1) The initial pH+ is dependent on the

available base present and is given by the equation

(B+)
PH'‘ = PK^ + l0S(2V)_(B+)

(2) As the pH+ decreases owing to the increase of Pcoa? there is a

rise to a maximum value of carbamate which is greater the greater

the base concentration. (3) The maximum carbamate is about
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20 per cent of the available base, rather than 50 per cent, as in the

case of the non-carbonate equilibrium. (4) The maximum car-

bamate is found at very low pressures of CO2 . (6) As the PcQ^

is further increased, the carbamate decreases and becomes zero

at the isoelectric pomt of the amino acid.

We believe that the above application of the mass action law is

the first complete analysis of the total amino acid-C02 equilib-

rium. We shall subsequently show that it is in complete accord

with experiment.

We have previously (Stadie, 1935) pointed out the necessity of

differentiating the non-carbonate from the total equilibrium of

amino acids and CO2 . Failure to do so may lead to misinterpreta-

tion of experiments both on amino acids and hemoglobin.

We have not discussed the effect of mterionic action upon the

equilibrium nor have we any experiments bearing upon it. The
mass action constants included in all our equations arc valid only
for the particular thermodynamic environment given and per-

haps vary considerably from one solution to another

It might be thou^t that our equations and the curves of Fig.

8, a are the same as those of Faurholt (1925). This is not the

case, for Faurholt’s analysis was mcomplete and might readily be
misleading. The close student of his paper will note the foUow-
hig (c/ p. 28). (1) Faurholt’s primary assumption is the same as

our first; i.e., CO2 combines as carbamate only with 000~-il-NH2
and not with COO- -R- 1^8+. (2) Carbamate is regarded as

binding 1 equivalent of base rather than 2. (3) No statement is

made as to the partition of the base at equilibrium equivalent to

our Equation 13. (4) In consequence, his equilibrium equation
lacks the important constants (JV) and (B+). (5) The equation
cannot be solved for a particular case. His curves (Figs 1 to 4)

are for cases where the amino acid not combined with CO2 as

carbamate is constant and the total amino acid is varying. (6)

Further, the Pco, cannot be calculated, since (B+) is omitted. It

has an indetermmate value which is only made definitive by assign-
ing a value to (B+).

Experimental Proof

The proof of the above equations for expressing the total equi-
librium of amino acids and CO2 is contamed in a series of expert-
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merits on glycine containing varying quantities of available base

equilibrated as described above for the determination of the total

equilibrium.

In the first experiment 0.1 m glycine together with 0.1 m NaOH
and 0.1 M NaCl was used. The equilibrated solutions were

analyzed for total GO2, Pcoa and carbamate. These results

are given in Tabic VI.

Table VI

Total Carbamate Equilibrium of Glycine and CO%

t » 25®; initial solution, glycine, NaOH, NaCl, each 0.100 m per liter;

ojooa 0.0472 inM per liter per nun of Hg^.

Expori-
mexil No obaervod

pH***

observed
Total COa
observed

"GOa^COs
calculated

Bound
COa

caloulatod

(Azn")
observed

(On)
calculated

mm IJg niM li&r U mu p&r 1 mu per 1 mu per 1 mu per 1

1 95.4 7 60 101 3 4 51 96 8 1 5 95 3

2 58 7 7 72 98 6 2 77 95 7 1 6 94 1

3 30,5 7 93 94 9 1 44 93 5 3 0 90 5

4 4 0 8 63 75 1 0 19 74 9 83
1

66 6

5 1 8 8 98 63 5 0 09 63 4 13 5 49 9

6 <0.1 8 99 60 2 0 00 60 2 13 0 47 2

7 <0 1 8.99 60 2 0 00 60 1 14 6 45 5

8 0 6 9 26 49,1 0 03 39 1 8 8 40 2

9 <0 1 9 65 32 0 0 00 32 0 8 3 23 7

10 <0 1 9 90 24 3 0 00 24 3 7 6 16 8

11 <0.1 9.93 23 0 0 00 23 0 7 2 16 8

12 <0.1 10 25 14 1 0 00 14 1 4 1 10 0

Proof of the Second Assumption^ Equation 13—It is possible to

calculate the equivalents of base as glycinate carbamates and

carbonate in the solution at equilibrium in each case by employing

direct experimental values as follows;

(Bo.)

1 +
(On)

K,

(H+)

1 +
2K3

(H+)

(16)

THE JOURNAL OF BIOLOOZOAL CHEMISTRT, VOL 112
, NO 2
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where (On) = total bound CO2 - (Am-). The base bound as

carbamate is then given as (BiAm“) = (B+) — IZ~ + (Bon)]-

The ratio of this to (Am“) is given in each case in Tabic VII.

The mean value of this ratio is 1.8 ± 0.3 (s.e.). In accordance

with the hypothesis that the carbamates are dibasic, this value

does not significantly differ from 2.

Proof of the First Asmnvption—The second column of Table

Vin shows the value of pKAm calculated by Equation 9, which

Tablh VII

Ratio of Base Bound hy Carbamate to Total Carbamate in Total Equilibrium

with COi

Experiment No Eatio

1 1.7

2 2 0

3 1.7

4 2.3

5 1 9

6 1 9

7 1 9

8
'

2 0

9 1 8

10 1 4
11 1 4

12 (0 9)

Mean 1 8 d= 0 3 (s.E.)

contains the first assumption only. pKAm is constant over a wide

range of Pqo, and pH+.
Equation 14, in which both assumptions are involved, offers a

better method of calculating pKim. Themean value (last column
of Table VIII) is 4.81, and the constancy over a wide range of pH+
is regarded as proof that the assumptions made are correct.

We may now extend the theory to other cases where the base is

varied. Solutions of 0.1 M glycine containing 0.1 m, 0.08 M, and
0.05 M respectively of NaOH were equilibrated with COs and
analyzed for total CO2, Poo„ and carbamates. The resulting

data are plotted in Figs. 9 to 11. In each figure the full lines are
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ealculalcd with the constants indicated, In all cases experiment

is in substantial agreement with the expected values.

Wo regard this agreement as proof that the theory of the amino
acid-carbamate-COj equilibrium outline here is essentially correct.

Note on the Fergmon-Roitghton (1984') Carbamate Method

The determination of the carbamates in the presence of car-

bonate was carried out successfully by this method. In brief, it

depends upon the precipitation of free CO2 and carbonates as

Tabm VIII

Catculation of CarbanuUe Mass Action Constant for Total Egmlihrium of

Glycine with CO2

Experiment No.
(Equation 0)

pKAm
(Equation 14)

1 5.07 4 94

2 6.07 6.01

8 4.91 4 91

4 4.92 4 93

5 4 85 ! 4 78

6 465
7 4.69

8 5 18 6 02

9 4.98

10 4 65

11 4.69

12 4 61

Mean 6,00 4 81

fin 0.66 0 52

BaCOs at optimum pH (ca, 11 to 1L5), leaving the soluble carba-

mates in solution. The centrifuged supernatant liquid from the

precipitated carbonate is then analyzed in 5 cc. samples for CO2 ,

which represents the carbamates of the original solution.

We have found that the precautions advocated by Ferguson and
Roughton are quite necessary, particularly the rapid mixing of

reagents by means of a Hartridge and Roughton (1923) mixing

chamber, the approximate adjustment of the terminal pH+, and
the need of constant total CO2 of the reaction mixture.
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Three 6 cc. Luer syringes arc connected to a 0.05 cc. Hartridge

chamber by means of three radially placed 0.1 mm. jets. By a

suitable device the three plungers can be pushed in simultaneously

and the contents of the ssuinges mixed within a small fraction of a

second. The three syringes contain (a) the solution of amino acid,

Fio 9. Total eqiulibniun of carbamate and glycine (base = 0 1 m),
showing calculated and observed values. pKi, pKj, pK^ used, the same as
inPig 8,0

carbonates, and carbamates; (h) NasCOa sufficient to bring the
total CO2 m (a) up to 50 mM per liter; (c) 0.5 m BaCh and suffi-

cient NaOH to make the total available base m (a) equal to twice
the total CO2 -|- the ammo acid -)- 50 mM per liter extra. This
gives a final reaction mixture which in all cases is approximately the
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same and is optimum for tho complete precipitation of the carbo-

nates.

In th(3 absence of amino acids there is no difficulty in precipi-

tating all the free CO2 in a solution as BaCOs. In the presence of

amino acid tho situation is altogether different, and we have
repeatedly found that a considerable part of the free CO2 is not

Fig 10. Total equilibrium of carbamate and glycine (base « 0.08 m),

showing calculated and observed values pKi, pK2, pK^ used, the same
as in Fig. 8, a

precipitated. A representative experiment to show this appears

in Table IX. The reason for the failure of 60 per cent of the free

CO2 to precipitate as BaCOg is clear. It must first be hydrated to

carbonate, but this reaction is very slow When the reaction

mixture is suddenly made alkaline, a considerable fraction of the

free CO2 rapidly combines with the amino acid present to form

carbamates and escapes precipitation.
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If the free CO2 is in the original solution in (a) together with

amino acid at low pH (6 to 7), the same result is obtained and for

the same reason. The amount of free CO2 not precipitated is

roughly proportional to the total. It might ‘ erroneously be

thought to be carbamate and to represent a mode of combination

fAm)
mM/L

6

4

2

0
0 10 20 30 40 50

Total Bound C02.mN\/L

lA
ml

6

4

Z

0
O 5 10 15 20 25

PcOi mrrt.Hg

Fig. 11 Total equilibrium of carbamate and glycine (base = 0 C5 m),

showing calculated and observed values pKi, pK2 ,
pK^ used, the same

as in. Fig 8, a

of CO2 and amino acid m the acid range different from that in the

alkalme range. This result we have excluded by the experiments

shown in Tables I and II.

This difficulty in the complete precipitation of the free CO2

by the Ferguson-Roughton method we have completely overcome
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by adding to fringe (6) sufficient carbonic anhydraso to accelerate

the hydration of COa 200- or 300-foId.

Then the free COa in gringo (a), when suddenly made alkaline

by admixture with the contents of (6) and (c) in the Haitridge

mixer, is very rapidly converted into carbonate and precipitated

as BaCOa. We used potent preparations of carbonic anhydrase

prepared as previously described (Stadie and O’Brien, 1933).

Table IX shows how effectively large amounts of free COa are

hydrated to carbonate and precipitated in the presence of sufficient

carbonic anhydrase.

The experiments of Tables I and II also show the rapid hydra-

tion and precipitation of large amounts of free COa by this method.

Table IX

Precipitation of Free COt by Ferguson-Boughton Method with and without

Carbonic Anhydrase

Syringe (a) contains 30 him per liter of free CO,; syringe (c) 0 5 h BaCl*

and 0.11 M NaOH.

Syringe (6)
Acceleration of hydration of

COa by anhydrase COa not precipitated

Water None

OTJif per 1

0.0

0.1m glycino
* <t 18 0

0 1“ “ 100-fold 04
0.1 “ “ 100-fold 0 5

0.1 “ “ SO-fold 0.1

0.1 “ “ 26-fold
1

8 2

SUMMARY

1 . The characteristics of the combination of COa with amino

acids to form carbamates are given; the data in the literature are

supplemented by new experiments.

2. Evidence is given to show that it is the amphanion

COO“-Il>NHa and not the zwittor ion COO~-R NH3+ of ammo
acids that combines with COa to form carbamates.

3. The ionization of carbamates is discussed and proof is given

that they are dibasic salts at pH > about 7.

4. The assumptions are stated which permit the development of

mass action equations for the carbamate equilibrium of amino

acids and COs in aqueous solutions.
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5. It ia shown that two types of equilibria must bo considered;

VIZ
,
(a) the ''non-carbonate’' equilibrium, when no carbonates are

present; (6) the "total” equilibrium, when carbonates as well as

carbamates are present.

6. Mass action equations are developed which represent both

equilibria. Typical curves are drawn in both cases and the char-

acteristics of the equilibria are outlined.

7. Ample experimental evidence is given to support the equa-

tions. Mass action constants for the amino acid-carbamate

equilibrium are calculated under a variety of conditions,

8 By the use of carbonic anhydrase the Ferguson-Roughton

carbamate method can be used when large amounts of free CO2

are present. We exclude by this method any mode of combina-

tion of CO2 and amino acid peculiar to the acid range (pH+ 5 to 7),
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INTRODUCTION

It has been shown by work in this laboratory that the human
type of tubercle bacillus, Strain H-37, contains a series of new
saturated fatty acids, of high molecular weight, which are either

liquid at room temperature or are low melting solids (1, 2). Al-

though these acids are saturated compounds, their lead salts

are easily soluble in ether.

The first member of this series of new acids was called tuber-

culostearic acid (2) and the formula CisHsaOa was assigned to it.

The second member was called phthioic acid (2) and its compo-

sition corresponded to that of a hexacosanic acid, C26H62O2 .

Phthioic acid is biologically and optically active; the purest speci-

men previously described had a specific rotation of (3).

A third acid was also isolated, which had a levorotation and a

higher molecular weight than phthioic acid (3).

It has been shown by the work of Sabin (4) and collaborators

that phthioic acid acts as a maturation factor for monocytes and

epithelioid cells and that on injection into normal animals it

causes the formation of typical tubercular tissue. The highly

purified phthioic acid described in the present report was also

tested physiologically in Dr. Sabin's laboratory at the Rockefeller

Institute and was found to possess the same biological activity

as the former less pure preparations. For this and other reasons

* The present report is a part of a cooperative investigation on tubercu-

losis; it has been supported partly by funds provided by the Research

Committee of the National Tuberculosis Association,

t National Research Council Fellow in Chemistry
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the chemical constitution, of phthioic acid presents a problem of

particular interest.

In order to gain some information concerning the structure of

phthioic acid some preliminary experiments have been made and

the results, although far from conclusive, are reported at this

time. In the first place the acid was carefully purified by frac-

tional distillation of the methyl ester until the specific optical

rotation was constant. The highest value attained was -1-12.2®

and this value could not be changed by further distillation. The

analytical data agreed with the formula CitHmOs which is that of

the methyl ester of a hexacosanic acid.

Saponification of the methyl ester yielded an acid which was

hquid m a warm room but which sohdified readily on cooling and

melted at 20-21°, [aln = -1-12.56°. Analysis and determination

of molecular weight confirmed the formula CsjHsaOa, which was

first advanced. The search for a suitable solid derivative was

not particularly successful; the amide proved to be the best.

Tuberculostearie acid, with which phthioic acid occurs, was
thought at first to have the formula CisHscOs but has been shown
by Spielman (5) to be 10-methylstearic acid, CuB[ss02. By in-

ference one might also expect phthioic acid to be a methyl or

polymethylated fatty acid. In speculating about the position

of the methyl groups the conclusion is obvious that one of them
is near to the carboxyl group. Levene, Rothen, and Marker (6)

have examined the optical properties of methyl derivatives of

fatty acids and found that the molecular rotations diminished

as a methyl group is moved successively farther from the carboxyl

group. The relatively high molecular rotation, -1-60°, of phthioic

acid would indicate a methyl group in the a, /S, or y position,

preferably in the a position.

In order to detemime whether phthioic acid is substituted in

the a position we tried the chlormation reaction with phosphorus

pentachloride on the N-substituted amide as developed by von
Braun et al (7) but the results were ambiguous, chlonne numbers
(8) of 140, 220, and 480 being obtained, whereas the theoretical

values for primary and secondary acids are 200 and 100 respec-

tively.

Another method of approach was tried; namely, the degrada-
tion reactions as used by Wieland and his associates (9) on cho-



M. A. Spielman and R. J. Anderson 761

lanic acid. An a-methyl acid should lead to a ketone, while a

/5 or a 7 acid should yield an acid. The reaction product consisted

mainly of a neutral substance which gave a faint but positive

iodoform reaction and which formed a semicarbazone. However,
the substance was undoubtedly a mixture and a pure semi-

carbazone could not be isolated. The evidence in this case, while

inconclusive, tends to favor the presence of an a-substituting

group.

In the hope of locating other branches in the chain, phthioic

acid was subjected to drastic oxidation after the fashion used in

the investigation of tuberculostearic ^.cid (5). A steam-volatile

acid was isolated, which, after purification as the p-bromophenacyl

ester, corresponded to the formula CnHsaOs. Neither the acid

nor its derivatives were identical with n-undecylic acid; hence it

must have a branched chain No dicarboxylic acids could be

found in the oxidation mixture.

Further experiments toward the elucidation of the structure

will have to be postponed until larger quantities of phthioic acid

become available for chemical investigations.

BXPEBIMBNTAI,

About 62 gm. of a mixture of higher acids were available for

purification The acid, which had been accumulated during

several years, had been isolated from the acetone-soluble fat of

the human tubercle bacillus. Strain H-37. The rotation of the

fractions varied from -t-2® to -[-11.9®. These fractions had been

purified by repeated fractionation in a high vacuum of the methyl

esters; hence they were entirely free from tuberculostearic acid

whose methyl ester has a much lower boiling point, the low dex-

trorotation being due to the presence of the levorotatory acid

described in a former publication.

Attempt to Purify Phthioic Ac^d by the Twitchell Lead Salt

Method—During the purification of tuberculostearic acid it was

observed by Spielman (5) that its lead salt, although very soluble

in ether, was only slightly soluble in alcohol. We found that the

lead salt of phthioic acid is also slightly soluble in alcohol and that

the lead salt of the levorotatory acid was practically insoluble

in alcohol. An attempt was therefore made to remove the

levorotatory acid from the crude phthioic acid by fractional precip-
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itation from alcohol with lead acetate, according to tho Twitchell

(10) procedure. A long and laborious series of fractionations

was earned out but the results were disappointing. Starting with

an acid, [«]» = +9°, we isolated after numerous partial precip-

itations a small quantity of an acid having [ajp = +11®, while

the least soluble lead salt gave an acid having = +2®;

the greater portion of the fractions was intermediate between

these values. While considerable separation had been effected,

the procedure was too slow and incomplete to be suitable for the

purification of phthioic acid.

Attempt to Purify Methyl Esters of Crude Phthioic Acid ly Dis-

tillation in a Molecular 8hll— molecular still was constructed^

and connected, by means of a trap which could be cooled in liquid

air, to a vacuum line capable of maintaining a pressure of about

0.0001 mm. A mixture of acids with rotations from +2® to +9®

was methylated and the ester was distilled slowly into four

fractions The temperature of the outside heating element was

about 120® and the inside temperature measured by a thermometer

placed in a well filled with mercury was about 60®. The rotations

of the fractions were as follows: Fraction I, +8 8®, Fraction II,

+7®, Fraction III, +5.5®, Fraction IV, —1®. Further experi-

ments showed that the molecular still could not be relied upon
for any efficient separation of the dextro- and levorotatory esters.

Separation of Methyl Esters by Distillation in Vacuo—^The final

fractionation of the mixed esters was carried out in an especially

constructed distilling flask consisting of a 20 cc. Pyrex bulb sur-

mounted by a 6 cm column of the Widmer (11) type but without
the inner spiral. The thermometer was held in a sealed-in well

filled with mercury and an open side arm of the flask served for

the introduction of the sample, while during the distillations

there was inserted into this arm and held in place by a piece of

hea^y pressure tubing, a capillary tube drawn to a very fine point,

the tip reaching to the bottom of the flask. The system was
evacuated by means of a diffusion mercury pump backed by an
efficient Hyvac pump. The pressure was read on a McLeod gage.

The crude methyl esters were distilled in portions of 10 to 12

gm. Specific rotations were determined on each fraction and thus

^ We are indebted to Dr Gosta Akerlof for assistance in designing this

still.
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the purification progress was readily followed but the process

was long and tedious. The dextrorotation of the top fractions

rose rapidly during the first few fractionations to -j-lO® or +11°
but after that more slowly. The final and constant value of

+12 2° was reached after some fifteen fractionations This

represents apparently the limit of purification because three fur-

ther distillations caused no change and three different cuts of the

last fractionation all had the same rotation. About 12 gm. of

the pure ester were obtained. The intermediate fractions were

saved for the isolation of the levorotatory acid. *

Properties of Meihylphtkboate—^The boiling point of methyl-

phthioate varies somewhat with the method of distillation; it is

158° at 0.003 mm. pressure with the oil bath at 208° and when the

rate of distillation is 4 to 6 drops per minute. This rate was

found to give the most efficient fractionation. With the bath at

220° and at 0 05 mm. pressure the boiling point was 175-178°.

The purified ester was very faintly yellowish m color The
molecular still gave a colorless distillate, hence the ester was

finally distilled in this manner.

The following constants were determined: nf, 1,4550, df,

0.8620

Rotation—0,6145 gm, of ester dissolved in ether and diluted to

10 cc. gave in a 1 dm. tube an average reading of +0.75°. Hence,

= +12 .2°.

Sapomficahon—Q 5168 gm of ester required 12 62 cc. of 0 1 n KOH
C27H54O2 Calculated, mol wt 410, found, 409.3

Analysis—0 01640 gm substance* 0 01798 gm H2O and 0 0^478 gm CO2

C2rH64O2(410) Calculated C 79 02, H 13 17

Found “ 79 30, “ 13 06

Phthioic Actd—^The purified ester was saponified by refluxing

with alcoholic potassium hydroxide. The solution was diluted

with water and extracted with ether m order to remove any

unchanged ester but only a trace of material remained on evapo-

ration of the ether. The solution was acidified and the acid was

extracted with ether. The ethereal solution was washed with

water, dried over sodium sulfate, filtered, and the ether was dis-

tilled off. The acid, after it had been dried in a vacuum desic-

cator, formed a pale yellow, viscous, oil at room temperature but
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it solidified on cooling and melted in a capillary tube at 20-21”.

nf, 1.4628; 0.8763.

Roiafeow—0.5256 gm of acid dissolved in ether and diluted to

10 cc gave in a 1 dm. tube an average reading of +0.66®. Hence,

tall, = +12 56®.

Molecular WeigM—Th.Q acid was dissolved in neutral alcohol

and titrated with alcoholic potassium hydroxide, with phenol-

phthalein as indicator.

0 2200 gm. and 0.3335 gm of acid required 5,56 cc and 8.43 cc. of 0.1 n
KOH

C26H62O3 . Calculated, mol, wt. 396; found, 396.7, 395 6

Analysis—0 01481 gm substance* 0 01715 gm. H2O and 0 04266 gm CO2

C36H620a(396) Calculated C 78 78, H 13 13

Found, 78 54, 12,95

Phthioamide—Phthioic acid (1.0 gm) was converted to the

acid chloride with thionyl chloride and poured slowly with stirring

into 15 cc. of ice-cold aqueous ammonia. The product, which

was formed in nearly quantitative yield, was extremely soluble

in all organic solvents. The substance was recrystallized three

times from methyl alcohol, giving microscopic platelets, m.p. 45°,

Analysis—C26H680N(395) Calculated C 78.98, H 13,41

Found 79 21,
'' 13.51

Methylphthioaimde—^This derivative was prepared by adding

the acid chloride to a cold ethereal solution of methylamino. The
solution was washed with dilute potassium hydroxide, dilute

hydrochloric acid, and with water. A pale yellowish oil which

soon solidified was obtained on the evaporation of the ether;

m.p. 27°.

Analysis—C27H66ON(409), Calculated. C 79.22, H 13 44

Found. 78 81, 13 62

Oxidation of Phthioic Acid—

2

gm. of phthioic acid were oxidized

with 3 gm. of chromic acid in 50 cc. of 95 per cent acetic acid

in the manner described for tuberculostearic acid (5). The sepa-

ration of the products of oxidation into fractions was also per-

formed in the same way except that the steam distillation was
continued until 1500 cc. of distillate had been collected.



M. A. Spielman and R. J, Anderson 765

The steam-volatile acid weighed 0.096 gm. and it had a faint

odor somewhat similar to that of butyric acid. The acid did not

solidify even when cooled in an ice-salt mixture. The p-bromo-

phenacyl ester was prepared according to Judefind and Reid

(12). The substance after three recrystallizations melted at

49^50^

0.01338 gm. substance: 0.00835 gm. HaO and 0.02902 gm CO2

Ci9H27BrOa(383 1). Calculated. 0 59 51, H 7 10

Found. “ 69 15, 6 98

Another sample of the acid was converted into the 2,4,6-tribro-

moanilide and purified as described by Robertson (13). The
substance melted at 111®.

Analysisr-Q 01586 gm. substance: 0.00709 gm. H2O and 0 02360 gm CO2

Ci7Hj4Br50N(498). Calculated C 40,96, H 4 81

Found. 40.58, 5 00

The analytical values of the derivatives mentioned above agree

with the calculated values for a saturated Cu acid but the melt-

ing points are lower than those of derivatives prepared from n-

undecylic acid. A sample of the p-bromophenacyl ester of un-

decylic acid was synthesized and was found to melt at 69®. The
2,4,6-tribromoanilide of n-undecylic acid, according to Robert-

son (13), melts at 129°. It is evident therefore that the volatile

acid obtained by oxidation of phthioic acid is not n-undecylip acid.

From the non-volatile material of the oxidation mixture, after

the steam distillation, about 0.5 gm. of apparently unchanged

phthioic acid was isolated. No trace of dibasic acids or of neutral

material could be found.

Determination of Chlorine Number (7, 8)—1 gm. of methyl-

phthioamide, 2 gm. of phosphorus pentachloride, and 5 cc. of

benzene were heated slowly in a small distilling flask to 105°.

Evolution of hydrochloric acid was at first very vigorous. When
the reaction ceased, the solvent and volatile products were re-

moved as much as possible in vacuo. The process was repeated

three times, after which the reaction product was extracted with

ether. The ethereal solution was washed with water, decolorized

with norit, filtered, and evaporated to dryness The residue, a

thick oil, was refluxed for 1 hour with 5 cc. of alcohol and 10 cc
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of water, after which it was extracted with ether, dried, and ana-

lyssed. The substance contained 10 93 per cent of chlorine,

which gives a chlorine number of Idl, The phosphorus penta^

chloride treatment was repeated and the chlorine content rose to

16 per cent, giving a chlorme number of 220. In a separate ex-

penment the ehlormation was conducted at a temperature of

136®. The reaction product was somewhat resmous, terpene-

like in odor, and had a chlorine number of 480. The results

mdicate that ambiguous side reactions occurred and that in the

case of phthioic acid the chlorine number cannot be relied upon

as a cnterion of a substitution.

Stepwise Oxidation of Phthioic Add—

A

Grignard reagent was

prepared from 0.5 gm. of magnesium with a requisite amount of

methyl iodide in 25 cc. of ether and 2 gm. of methylphthioate

were added The mixture was refluxed for 3 hours, decomposed

in the usual way, and the product was saponified so that any

unchanged ester would be removed. The solution was extracted

with ether. On evaporation of the ether an oil was obtained

which weighed 1.25 gm. The carbinol was dehydrated at 170®

with a trace of iodine and oxidized at once in 20 cc. of 96 per

cent acetic acid with 0.85 gm. of chromic acid. The oxidation

mixture was poured into water, extracted with ether, washed
thoroughly, and separated into acid and neutral fractions. The
acid portion weighed only 0.1 gm. and was not examined further.

The neutral fraction, which weighed 0.8 gm , was a viscous oil.

When a portion of the substance was warmed with potassium

hypoiodite, it gave a soapy emulsion and the unmistakable odor

of iodoform. The balance of the substance was converted into

the seimcarbazone in the usual way. The crude semicarbazone

was a gummy sohd which on solution in acetone and cooling gave

a crystallme precipitate. The substance was recrystallized from
acetone and from methyl alcohol The product melted at 55-65®

and was obviously a mixture from which no analytically pure
substance could be isolated.

BUMMAKT

The methyl ester of phthioic acid has been purified by fractional

distillation until the specific optical rotation reached the constant

value of -J-12.2®.
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Phthioic acid prepared by saponification of the pure ester

melted at 20-21®, [aji, = +12 56®, and corresponded to the

formula C2DH62O2 .

Phthioamide and methylphthioamide were obtained as solid

derivatives.

Phthioic acid possesses a branched chain, probably methyl

groups in the a position and m the neighborhood of the 11th

carbon atom. Other branches exist in the chain but the number
and the positions have not yet been determined.

Purified phthioic acid is biologically active, producing typical

tubercular tissue when injected into normal animals.
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The proof afforded by McCoy, Meyer, and Rose (1) that the

essential ammo acid present in their active fractions was a-amino-

j3-hydroxy-n-butyric acid has made it desirable to prepare that

amino acid synthetically and test the activity of the substance

obtained. It was immediately apparent that the synthesis of

a physiologically active compound might be attended with con-

siderable diflBlculty inasmuch as the presence of 2 unlike asym-

metnc carbon atoms in the molecule caused the emstence of two

epimeric racemic forms or four optically active isomers. Of

these it seemed probable that one, or possibly two, would replace

the naturally occurrmg form.

Abderhalden and Heyns (2) prepared a-amino-iS-hydroxy-ra-

but3unc acid, using the general method of Sehrauth and Geller

(3), which involved the followmg steps

:

CH,CH=CH—COjCjHj > CH.CH CH CO»CaH,

OCH, HgOAc

CH,CH CH—COiCjHt CH.CH OH—COjCjHe >•

II II
OCH, HgBr OCH, Br

OH,CH CH—CO,H > CHjCH CH—COJE >II II
OCH, Br OCH, NH,

CH.CH—CH—COjH
I I

OH NHj

These reactions appeared to offer the best method of preparing

the desired compound, since, in introducing the asymmetnc

769
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carbon atoms simultaneously by addition to a double bond, only

one racemic form should be produced if no rearrangement oc-

curred. Although Abderhalden and Heyns made no mention of

the possibihty of the formation of two epimers, it seemed certain

from their data that the products obtained were homogeneous

In this connection it was interesting to note that the claim of

Schryver and Buston (4) to the isolation of aminohydroxybutyric

acid from oat glutelin was criticized by Abderhalden and Heyns

on the basis of discrepancies in the meltmg points of derivatives

of the ssmthetic substance and of the product of Schryver and

Buston.^ The possibility that these were different epimers was

not considered.

The Q!-amino-/3-hydroxy-n-butyric acid prepared had no growth-

promoting properties even when fed in high per cent. This

initial failure to obtain a physiologically active amino acid left

two possibilities: that of convertmg the inactive form into a

mixture of the two possible epimers, or that of attempting to

prepare the second epimer from isocrotonic acid. The former

appeared to offer the more rapid method of preparing active

material synthetically

The formyl derivative of a-ammo-jS-methoxy-n-butync acid was
prepared by the method of du Vigneaud and Meyer (5). The
crude product was smoothly converted into a mixture of the two

epimers by heating with sodium hydroxide and acetic anhydride.

Hydrolysis with concentrated hydrobromic acid yielded a mix-

ture of the corresponding amino acids.

The relative amounts of the two epimers produced was a matter

of chance. The mixture obtained was active in 2 to 3 per cent

compared with a 0.6 to 0 6 per cent requirement of the natural

form These data mdicated that the approximate per cent of the

desired epimer in the reaction mixture was either 40 to 50 or 20

to 26, depending on whether one or both of the enantiomorphs
of the second epimer were physiologically active.

At the present time the separation and resolution of the formyl

derivatives and the preparation of the active epimer from iso-

crotonic acid are bemg mvestigated.

^ The ammo acid was inactive due to the method of isolation
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EXPERIMENTAL

a-Amino-p-Hydroxy-n-Butync Acid—^This substance was pre-

pared by the method of Abderhalden and Heyns.

Formylra-Amino-^-Meihoxy-n-Butyrio Acid—26.6 gm. of a-

amino-jS-hydroxy-n-butync acid were formylated by the method
of du Vigneaud and Meyer. The yield was 20 gm. (60 per cent

of the theoretical amount) of a white crystalline product meltmg
at 173-174° after recrystalhzation from absolute alcohol. The
formyl derivative was only slightly soluble in ethyl acetate or

Table I

Composition of Diets*

Diet 1 Diet 2 Diet 3

gm gm. gm

Amino acid Mixture XII 23 7 23 7 23 7

Glucosamine hydrochloride (d-) 1 0 1.0 1 0

Sodium bicarbonate

.

0 4 0 4 0 4

Dextrin ... 20.9 20 4 19 9

Sucrose

,

15 0 16 0 16 0

Salt mixturet 4 0 40 4 0

Agar ... ... 2 0 2 0 2 0

Lard 26.0 26 0 26 0

Cod liver oil 5 0 5 0 5 0

Aminohydroxybutyric acids 2 0 2 6 3 0

100 0 100 0 100 0

* The vitamin B factors were supplied in the form of two pills daily, each

containing 75 mg of milk concentrate and 50 mg of tikitiki extract

t Osborne, T. B
,
and Mendel, LB,/ Biol Chem

,
S7, 572 (1919).

benzene, moderately soluble in acetone and cold alcohol or cold

water, highly soluble in hot alcohol or hot water.

CaHn04N Calculated C 44 72, H 6 83, N 8 69, neutral equivalent 161

Found, 44 67, 6 71, “ 8 84,
'' 162

Epimerizahon of Formyl Derivative—10 gm. of crude formyl

derivative were dissolved in 32,8 cc of 1,895 n sodium hydroxide.

35 cc. of water were added and 70 cc. of acetic anhydride were

run m slowly with shaking and warnung The mixture was

heated for 15 hours at 80°. The solution was cooled and 69.1
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cc. of 0.9 N sulfuric acid were added. The solution was concen-

trated in vacuo. Water was added and the concentration was
repeated twice. Absolute alcohol was added and removed under

reduced pressure. The residue was extracted with absolute alco-

hol and the sodium sulfate was filtered. The alcohol was re-

moved under reduced pressure, yielding a viscous mass, which

was refluxed for 2 hours with 100 cc. of 48 per cent hydrobromic

acid. The resulting solution was concentrated in vacuo, water

was added, and the solution was reconcentrated twice. The
residue was dissolved in 100 cc. of water and the hydrobromic

acid was removed with freshly prepared silver oxide. The excess

silver was precipitated with hydrogen sulfide and the silver sulfide

was filtered. The filtrate was concentrated under reduced pres-

sure and the residue was crystalhzed from 80 per cent alcohol

in the usual manner.

The mixture of ammo acids thus prepared supported growth

when included in the diet in 2 to 3 per cent. The activity of

various fractions differed but slightly. Attempts to concentrate

the active epimer by fractional crystallization have proved un-

satisfactory as yet.

Feeding Experiments—^The aminohydroxybutyric acid mixtures

produced by the epimerization were tested for their growth-

stimulating properties by incorporatmg them in a diet carrying

all the known amino acids with the exception of hydroxyglutamic

acid. The composition of the diets is sWwn in Table I. Amino
acid Mixture XII is that described by McCoy, Meyer, and Rose.

The diets contained 17.6 per cent of "effective” amino acids

including glucosamine plus that supplied by the aminohydroxy-

butyric acids which amounted to approximately 0.5 per cent

The results of the experiments are shown in Chart I.
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In previously assigning to d-xylomethylose^ the structure given

in Formula I, the following assumptions have been made: first,

that the structure of monoacetone xylose is represented by For-

mula HI; second, that in the unimolecular tosylationof monoace-

tone xylose the primary hydroxyl is preferentially esterified, and
third, that the replacement of the tosyl group by lodme and subse-

quent reduction of the latter to a desoxy derivative cause no

fundamental structural changes. The work of Haworth and

Porter* establishes conclusively that Formula III represents the

structure of monoacotone xylose. The second and the third

assumptions have been based on the experience previously noted

in the case of certain hexoses. In the present communication,

experimental evidence is presented which demonstrates the

validity of the above assumptions and which therefore definitely

establishes the structure (I) assigned by us to d-jg-lomethylose.

The problem of determining the structure of “d-xylomethylose”

resolves itself into the correct allocation of the desoxy group.

Since the acetone rest in monoacetone xylomethylose unquestion-

ably occupies positions (1) and (2), the only remaming positions

which the desoxy group may occupy are (3), (4), and (5). Posi-

tion (4) must be considered, since the possibility of a ring shift

is not excluded a pnon. In assigning the desoxy group to position

(6), the following hnes of evidence are presented. First, nitric

acid oxidation of completely methylated “xylomethylose” (For-

mulas IV and V) yields exclusively dimethyl d-tartaric acid (For-

mula VI). This result can only be explained when the desoxy

* Levene, P. A., and Compton, J ,
J. Biol Chem

,

111, 325 (1935)

* Haworth, W. N ,
and Porter, 0. R ,

/ Chem. Soc
, 611 (1928).
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group is in position (6), since a desoxy group in either position

(3) or (4) would lead to the formation of a dimethoxy glutaric

acid.®’*’® Second, the oxidation of “d-xylomethylose" with silver

oxide yields only silver acetate. *-* Third, the polarimetric obser-

vation of the rate of lactone formation of d-gulomethylonic acid''

(Formula VII) indicates the formation of both y- and S-lactones.

Completely methylated d-xylomethylose was obtained by the

stepwise methylation of d-xylomethylose In a manner mvolving

the least possible structural change. Crystalline monoacetone

d-xylomethylose was methylated with Purdie’s reagent to yield

3-methyl monoacetone d-xylomethylose, a colorless mobile liquid,

b.p. 68-60® at 0.3 mm., = —49.4°. Acid hydrolysis of this

compound yielded 3-methyl xylomethylose, isolated as a thick

sirup, b.p. 100-102° at 0.8 mm., [a]!® = -|-8.1°. Treatment of 3-

methyl xylomethylose with dry methyl alcohol-hydrogen chloride

(1 per cent) led to the simultaneous formation of 3-methyl a-me-

thylxylomethyloside, b.p. 58-62° at 0.3 mm., [«]“ = -f124.5°, and

crystalline 3-methyl /3-methylxylomethyloside, m p. 48-50°,

[a]“ = — 127.9°. Further methylation of the a and j8 isomers with

Purdie’s reagent led to the formation of crystalline 2,3-dimethyl

«-methylxylomethyloside (Formula IV), m.p. 34r-36°, [a]|® =
-{-164.0°, and 2,3-dimethyl jS-methylxylomethyloside (Fonnula

V), b.p. 38-40° at 0.5 mm., [a]® = —102.4°. Oxidation of the

completely methylated a,/3 pair with concentrated nitric acid

yielded exclusively in each ease dimethyl d-tartaric acid (For-

mula VI), identified in the case of the a isomer oxidation as the free

acid (m.p. 161-162°) and in the case of the isomer as the dime-

thylamide derivative (m.p. 206-206°).

EXPBHIMENTAl,

S-Methyl Monoacetom d-Xyhmethylose—^Monoacetone d^xylo-

methylose (7.0 gm.) was dissolved in 70 cc. of methyl iodide and

40 gm. of silver oxide were added in small portions over a period

of 4 hours with stirring at 50°. The mixture was then filtered and

> Kiliani, H., Ber. chem. Oea
, 38, 4040 (1905).

* Micheel, F ,
Ber. chem Oes., 63, 347 (1930).

» Blderfield, R. C
,

Biol. Chem., Ill, 527 (1935).

“ ICiliani, H
,
Ber. chem Oea., 32, 2197 (1899)

’ Levene, P. A., and Compton, J., J. Biol Chem
, 111, 335 (1935).



778 Structure of d-Xylomethylose

the silver residues thoroughly extracted with hot acetone. The

thick sirup, obtained after concentrating the combined filtrates

under diminished pressure, distilled completely under high vacuum.

B p. 58-60° at 0 3 mm Yield 6.2 gm. nf 1.4377. The specific

rotation in water was

-2.86° X 100

2 X 2 892
-49.4°

The composition agreed with that of a methyl monoacetone pen-

tomethylose.

6422 mg. substance. 11.430 mg. CO2 and 4 168 mg, H2O
6.380

** “
: 6.702 Agl

C9Hifl04. Calculated. C 67.40, H 8 57, OCH3 16 48

188 1 Found. 67.48, 8 60, 16 43

The substance is soluble in all the usual organic solvents and in

water.

S-Methyl d-Xylomethylose—3-Methyl monoacetone d-xylome-

thylose (6.2 gm.) was dissolved in 100 cc. of 1 per cent sulfuric

acid and heated on a boiling water bath for 60 minutes. The
initial rotation of [a]f == —48 0° had changed at the end of this

time to the constant value =; +8 8°. The sulfuric acid was
then exactly neutralized with barium hydroxide and the solution

treated with charcoal and filtered. The clear filtrate was concen-

trated under diminished pressure to a sirup which was dried by
the repeated addition of absolute ethyl alcohol, followed by dry
benzene. The resulting sirup was dissolved m dry ether and dried

over anhydrous sodium sulfate. After filtering, the ether solu-

tion was concentrated under diminished pressure to a sirup which
distilled completely under high vacuum, B.p 100-102° at 0.8

mm. Yield 3 1 gm. The specific rotation in water was

^ +0 32° X 100

1 X 3.936
+8 1

°

remainmg constant. The composition agreed with that of a

methyl pentomethylose.

4 900 mg substance : 8.695 mg CO2 and 3 690 mg H 2O
4 900 “

: 7 740 “ Agl
CsHiaOi Calculated C 48 61, H 8 17, OCH3 20 93
148.1 Found. “ 48.39, 8 42, ‘‘ 20 64
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The substance reduced Fehling’s solution strongly when heated.

It IS soluble in organic solvents and m water.

3-Methyl d-Xylomethylose Phenylosasme—^3-jlVIethyl xylome-

thylose (0.15 gm.) was dissolved in 20 cc. of water and 0.6 gm. of

phenylhydrazine dissolved in 3 cc. of glacial acetic acid were

added. After heating at 100° for 10 minutes the osazone began

to separate and upon cooling the solution, it crystallized as yehow
flocks. After filtering, the product was recrystallized from 50 per

cent methyl alcohol to give the constant melting point, 128-130°.

The composition agreed with that of a methyl pentomethylose

phenylosazone.

4.840 mg. substance: 11.750 mg. CO» and 2.980 mg. HjO
7,860 » “ : 5.260 “ Agl

Ci8HmOjN4. Calculated. C 66.22, H 6.79, OCHj 9.50

326.18 Found. “ 66.20, “ 6 88, “ 9.44

S-Melhyl a- and 3-Methyhylomethylosides—3-Methyl d-xylo-

methylose (2.4 gm.) was dissolved in 60 cc. of absolute methyl

alcohol containing 1 per cent of dry hydrogen chloride and allowed

to reflux on the steam bath for 1 hour. The imtial specific rota-

tion of [«]“ = -1-10.2° had changed at the end of this tune to the

constant value of [a]“ = +6.1°. The acid was now removed with

excess silver carbonate and the resultmg clear filtrate concentrated

under diminished pressure to a clear mobile sirup which distilled

in two fractions under high vacuum. The first fraction was the

pure a isomer, b.p. 58-62° at 0.3 mm. Yield 0.9 gm. nf 1.4410,

The second fraction was the pure isomer, b.p. 72-75° at 0.3 mm.,

which crystallized spontaneously during the distillation. M.p.

48-50°. Yield 1.0 gm. The high vapor pressure of the a isomer

makes the separation from the 3 isomer quite easy. The specific

rotation of 3-methyl a-methylxylomethyloside m water was

„ _ +3.75° X 100

1 X 3.012
= +124.5°

and that of 3-methyl |8-methylxylomethyloside in water was

. -4.20° X 100
laJD “

1 X 3.284
-127.9'
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The composition of both substances agreed vuth that of an a, 0

pair of a methyl methylpentomethyloside.

6 112 mg, a isomer: 11.5S5 mg. CO> and 4.780 mg, HjO
3.615

“ “ “
: 10 486 “ Agl

6.232 “ /3 “ : 9950 “ 00$ and 4.070 mg. HjO
6.320

“ “ “
: 18316 “ Agl

C7Hi404 . Calculated. C 61.81, H 8 70, OCHj 38.27

162.11 Found.

0! isomer. “ 61.69, » 8.75, “ 38.28

fi
“ “ 61 86, “ 8.70, “ 38.26

Neither the a nor isomer reduced boiling Tehlmg’s solution

but after acid hydrolysis both gave a strong test. The isomenc

substances are soluble in organic solvents and in water.

8 ,S-Ihmethyl a-Methyhylomethyloaide—3-Methyl a-mothylxylo-

methyloside (0.8 gm.) was methylated with methyl iodide (12 cc.)

in the presence of silver oxide (10 gm.) in the manner previously

described. Distillation of the sirupy liquid under high vacuum
showed that the substance was homogeneous. B.p. 39-41° at 0.6

mm. The product crystallized completely after distillation.

M.p. 34-35°. Yield 0.7 gm. The specific rotation in water was

[«]?
+1.83° X 100

1 X 1.188
+164.0°

The composition of the substance agreed with that of a dimethyl

methylpentomethyloside.

4 400 mg. substance' 8 796 mg. 00$ and 3.560 mg. H$0
3.690 “ “ : 14.720 " Agl

CaHi,04. Calculated. 0 64.60, H 9.16, OCH, 62 80

176.13 Found. “ 64.61, “ 9.06, “ 62.66

Preparaiton of Thmdhyl drTariaric Add from 8,S~Ihmethyl a-

Methyhcylomethyloside—0 4 gm. of 2,3-dimethyl a-methylsylo-

methyloside (m.p. 34r-35°) was dissolved in 5 cc. of concentrated

nitric acid (1.42) and placed in a water bath at 50°. The tempera-
ture was gradually raised over a period of 30 minutes to 100°, after

which it was maintamed at 95-1(50° for 7 hours. At the end
of this time the solution was concentrated under diminished
pressure to a solid crystalline mass at 40°. The last traces of

nitric acid were then removed under high vacuum by placing
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the crystalline material in a vacuum desiccator over solid so-

dium hydroxide for 3 hours. The crude product was then dis-

solved in dry ether and filtered. The clear filtrate, upon concen-

trating under diminished pressure, crystallized completely and
was filtered off and washed several times with dry ether. The
melting point of the purified material was 161-152®, which was
imchanged when mixed with an authentic specimen of dimethyl

d-tartaric acid.® Yield 0.3 gm. The specific rotation in water was

[«]?
+1.43° X 100

1 X 1.992
+71.8°

S,S-Dimethyl P-Methylxy'loinethyloside—3-Methyl jS-methylxylo-

methyloside (0.8 gm.) was methylated with methyl iodide (12 cc.)

in the presence of silver oxide (10 gm.) in the usual manner.

The mobile sirup thus obtained distilled completely under high

vacuum, b.p. 38-40° at 0.5 mm. 1.4261. Yield 0.6 gm. The
specific rotation in water was

, ,, -1.91° X 100
“

1 X 1.866
-102.4°

The composition agreed with that of a dimethyl methylxylo-

methyloside.

6.380 mg. substance; 10.735 mg. COi and 4.310 mg. HiO
4.692 “ “ ; 18.240 " Agl

CsHuOi. Calculated. 0 54.60, H 9.16, OCH, 62.80

176.13 Found. “ 64,61, “ 8 96, “ 62.21

Pr&paraiion of drDimethoxymxinomdhylamide from

methyl ^M^hylxylomethyloside—^The oxidation of 2,3-dimethyI

/3-methylxylomethyloside (0.4 gm.) with concentrated nitric acid

(5 cc.) to 3ueld dimethyl ct-tartaric acid was carried out as described

above for the a isomer. In this case the reaction product was

esterified by refluxing for 6 hours with absolute methyl alcohol

(20 cc.) containing 2 per cent dry hydrogen chloride. At the end

of this time the acid was neutralized with excess silver carbonate

and the solution filtered. The sirup obtained upon concentratmg

the filtrate under diminished pressure was dissolved m diy ether,

• Purdie, T. P ,
and Irvme, J. C., J. Chem. Soc., 79, 959 (1901).
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dried over anhydrous sodium sulfate, filtered, the solvent evapo-

rated, and the product distilled under high vacuum. B.p. 78-80®

at 0 3 mm. Yield 0.6 gm.

The material thus obtained was dissolved in 5 cc. of absolute

methyl alcohol, cooled to 0°, and saturated with dry methylamine.

After standing for 1 day at 0° the solution was concentrated under

diminished pressure, whereupon the amide crystallized completely

and was -purified by recrystallizing from ethyl acetate M.p.

205-206®. A mixed melting point of this material with an authen-

tic specimen of dkiimethoxysuccmomethylamide'' (m.p. 206-206®)

showed no depression.

Oxidation of d-Xylomethyloae vnth Siher Oxide—d-Xylomethylose

(1 0 gm.) was dissolved m 60 cc. of water containing a suspension

Tablb I

Rate of Lactone Formation of d-Gulomethylamc Acid

Time wS Time r

["Id

mtn degrees ?tr8 degrees

8 ~5 2 20 -2 6

40 -"2 7 48 -10 6

60 -0 9 96 -24 6

120 +1 8 288 -42 2

220 +4 0 20 (Days) -47 9

of 12 gm. of silver oxide. The mixture was heated on the water

bath for 8 hours at 80° with occasional stirring. The solution was
then filtered and the filtrate concentrated under diminished pres-

sure to 5 cc
,
whereupon a large quantity of crystalline material

separated After removal by filtration, the substance was re-

ciystallized from water and dned over calcium chloride. The
composition of the substance agreed with that of silver acetate.

13 800 mg. substance. 8.900 mg. Ag
OjEaOsAg. Calculated. Ag 64.6

166 88 Found. “64 4

Lactone Formation of drGulomethylonic Add—d-Gulomethylono-

lactone (0.3005 gm.) was dissolved in exactly 6.0 cc. of 0.429 N

* Haworth, W. N ,
and Jones, D. 1 , 7. Chem Soc , 2349 (1927)
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sodinm hydroxide' solution and allowed to stand 1 hour at room
tornporaturo. The specific rotation, [a]^ == +9.7® (calculated as

sodium ^ulomolhylonatc), remained constant at the end of this

time. To 2.5 cc. of this solution there were then added 2.05 cc.

of 0.498 N hydrodiloric acid and the resulting solution was diluted

to exactly 5.0 cc. The initial specific rotation was observed as

soon as possible and the change in rotation observed at various

time intervals, as shown in Table I.

/

4

THB JOURNAL OF BIOLOGICAL CHEMISTRY, VOL 112, NO 2





INDEX TO AUTHORS

A
Anderson, Ernest. The isolation

of peotic substances from wood,

531

Anderson, R. J. See Salisbuey

and Atoerson, 641
—. See Spielman and Ander-

son, 759

Austin, J. Harold, and Drabkin,

David L. Spectrophotometric

studies. III. Methemoglobin,

67
—. See Drabkin and Axtstin,

61, 89, 106

B

Barron, E. S. Guzman, DeMeio,
R. H., and Rlemperer, Fried-

rich. Studies on biological ox-

idations. V. Copper and
hemochromogens as catalysts

for the oxidation of ascorbic

acid. The mechanism of the

oxidation, 626

Bennett, Mary A. See Tobn-
NiEs and Bennett, 39, 497
—. See Toennibs, Layinb, and

Bennett, 493

Bethke, R. M., Record, P. R., and
Wilder, O. H. M. Further

studies pertaining to provita-

min D of plant and animal

sources, 231

Bidwell, Emily H. See Shillito,

BidWELL, and Turner, 561

Bisbey, Bertha, and Sherman,
H. C. Experiments upon the

extraction and stabilities of

vitamin B (Bi) and of lacto-

fiavin, 416

Bischoff, Fritz. See Maxwell
and Bischoff, 216

Bodansky, Meyer. The influ-

ence of feeding amino acids

and other compounds on the

excretion of creatine and crea-

tinine, 615

Bosworih, A. W., and Helz, G. E.

A monohydroxypalmitic acid in

butter fat, 489

Boyd, Eldon M. Lipid com-
position and physiological

activity in the ovaries of

pregnant guinea pigs, 691

Bromund, Werner H. See

Holmes and Bromund, 437

Buell, Mary V. The adenine

nucleotide content of human
blood. II. Correlation with

hemoglobin, 623

Butts, Joseph S*, Dunn, Max S.,

and Hallman, Lois F. Studies

in amino acid metabolism. I.

Fate of glycine, dZ-alanine, and

d-alanine in the normal animal,

263

— See Deuel, Butts, Hall-
man, and Cutler, 15

Bywater, W. G. See Dox, By-
water, and Tendick, 425



786 Index

c

Calvexy, Herbert O. Analysis of

Type I pneumococcus specific

precipitate, 167

—. Crystalline egg albumin.

II. The fractionation of peptic

hydrolysis products, 171

Carpenter, Thorne M. A chem-

ical hygrometer, 123

Carter, Herbert E. Synthesis of

a-amino-i3-hydroxy-?i-bu ty ri c

acids, 769

Cartland, George F., and Meyer,

Roland K. A study of equilin

prepared from pregnant mare

urine, 9

—. See Meyer, Miller, and

Cartland, 697

Cary, M. Katherine, See Yan-
NBT, Barrow, and Cary, 477

Chaikoff, I. L., and Kaplan, A.

The influence of the ingestion

of raw pancreas upon the

blood lipids of completely de-

pancreatized dogs maintained

with insulin, 166

Chargaff, Erwin, and Schaefer,

Werner. A specific polysac-

charide from the bacillus Cal-

mette-Gu6rin (BOG), 393

Compton, Jack. See Lbvene
and Compton, 775

Crimm, Paul D., and Strayer,

J. W. Phosphatase content

of blood serum and tissues in

the rat following administra-

tion of vitamms D and A, 511

Cutler, Charles H. See Bbtjel,

Butts, Hallman, and Cut-
ler, 15

D
Barrow, Baniel C, See Yannet,

Barrow, and Cary, 477

Bay, Harry G., Kruse, H. B., and

McCollum, E. V. Studies on

magnesium deficiency in ani-

mals. VII. The effects of

magnesium deprivation, with a

superimposed calcium defici-

ency, on the animal body, as

revealed by symptomatology

and blood changes, 337

BeMeio, R. H. See Barron,
BeMbio, and Klemperer,

626

Beuel, Harry J., Jr., Butts, Jos-

eph S., Hallman, Lois F., and

Cutler, Charles H. Studies

on ketosis. VII. Quantitative

studies on p oiddation. Gly-

cogen formation from various

fatty acids, 15

Box, A. W., Bywate^W. G., and
Tendick, F. H. A crystalline

by-product obtained in the

large scale extraction of tlieelin

and theelol, 425

Brabkin, Bavid L., and Austin,

J. Harold. Spectrophotomet-

ric studies. II. Preparations

from washed blood cells; nitric

oxide hemoglobin and sulf-

hemoglobin, 51

— and —. IV, Hemochromo-
gens, 89

— and —. V A technique for

the analysis of undiluted blood

and concentrated hemoglobin

solutions, 105

—. See Austin and Brabkin,

67



Authors 787

Dubach, Reubenia, and Hill,

Robert M. An improved ap-

paratus for the determination

of colloid osmotic pressure in

small amounts of fluid, 313

Duff, Virginia B. See Bodan-
SKY, 615

Dunn, Max S. See Butts,

Dunn, and Hallman, 263—
. See Feraud, Dunn, and
Kaplan, 323

E

Eckstein, H. C., and Treadwell,

Carleton R. The effect of in-

gested fat on the sterol metab-
olism of the white rat, 373

Edwards, J. Graham, and Lang-

ley, Wilson D. The micro-

determination of ferrocyanide

in muscle and urine, 469

Ely, J. Owen, See Weil and
Ely, 565

Engel, George L,, and Gerard,

R. W. The phosphorus me-
tabolism of invertebrate nerve,

379

F

Feraud, Katherine, Dunn, Max
S.

,
and Kaplan, Joseph. Spec-

troscopic investigations of am-
ino acids and amino acid

derivatives. I. TJltra-violet

absorption spectra of Z-tyro-

sme, (iZ-phenylalanine, and Z-

tryptophane, 323

Freed, S. Charles, Mirsky, I.

Arthur, and Soskin, Samuel.

A tungstic acid precipitation

method for the extraction of

estrogenic substance from

urine, 143

Freeman, S., Kant, E. R., and
Ivy, A. C. The serum calcium

response to ingested calcium,

1

G

Gerard, R. W. See Engel and
Gbrard, 379

Goddard, David R., and Michae-

lis, Leonor. Derivatives of

keratin, 361

Graubard, Mark, and Nelson,

J. M. On the quantitative

measurement of the enzyme
tyrosinase, 135

Greenberg, Max M. The effect

of hydrazine on the production

of acetone bodies in the phlo-

rhizin-intoxicated animal,

431

Greenstein, Jesse P. Studies

of multivalent amino acids

and peptides. V. Cystine cy-

amidene, 35

—. VI. The action of proteolyt-

ic enzymes on certain syn-

thetic substrates, 517

H

Hallman, Lois F. See Butts,

Dunn, and Hallman, 263

—. See Deuel, Butts, Hall-

man, and Cutler, 15

Hansen, Arild E. See Wilson
and Hansen, 457

Harris, Stanton A. See Levenb
and Harris, 195

Hastings, A. Baird. See Shock

and Hastings, 239



788 Index

Hellerman, Leslie, and Perkins,

Marie E. Activation of en-

zymes. III. The r61e of metal

ions in the activation of argi-

nase. The hydrolysis of argi-

nine mduced by certain metal

ions with urease, 175

Helz, G. E. See Boswobth and

Hblz, 489

Hill, Robert M. See Dubach
and Hill, 313

—• See Longwbll and Hill,

319

Holmes, Harry N., and Bromtind,

Werner H. Biidn solutions

as colorimetric standards for

the determination of carotene,

437

Holt, L. Emmett, Jr. See Tid-

well and Holt, 605

Hudson, C. S. See Ron and
Hudson, 443

I

Ivy, A. C. See Freeman, Kant,
and Ivy, 1

J

Johnson, Marvin J,, and Peter-

son, W. H. The peptidase

system of Aspergillus parasiti-

cus, 25

K
Kant, E. R. See Freeman,
Kant, and Ivy, 1

Kaplan, A. See Chaikopf and
Kaplan, 155

Kaplan, Joseph. See Fbraud,
Dunn, and Kaplan, 323

Klemperer, Friedrich. See Bar-
ron, DeMeio, and Klem-
perer, 625

Kornblum, Morris* See Saiper

and Kornblum, 117

Kruse, H. D. See Day, Kruse,

and McCollum, 337

L

Langley, Wilson D. See Ed-

wards and Langley, 469

Lantz, Edith M. See Smith

and Lantz, 303

Lavine, Theodore F. See Toen-
NiES, Lavine, and Bennett,

493

Levene, P. A., and Compton,

Jack. The structure of d-

xylomethylose, 775

— and Harris, Stanton A. Con-
figurational relationships of

metliylphenyl- and methyl-

hexylacetic acids and an at-

tempt at the correlation of the

configurations of 2-hydroxy

acids with those of disubsti-

tuted acetic acids containing a

methyl group, 195

Longwell, Bernard B., and Hill,

Robert M. A modified Reh-
berg burette for use with

titrating solutions which react

with mercury, 319

M
Mackinney, G. On the plastid

pigments of marsh dodder,

421

MaxweU, L. C., and Bischoff,

Fritz. Chemical studies on the

pituitary gonadotropic hor-

mone, 215
McCollum, E. V. See Day,
Kruse, and McCollum, 337



Authors 789

McCoy, Richard H., Meyer, Cur-

tis and Rose, William C.

Feeding experiments with mix-

tures of highly purified amino

acids* VIII. Isolation and
identification of a new essential

amino acid, 283

Meyer, Curtis E. See McCot,
Meyee, and Rose, 283

Meyer, Roland K,, Miller, Lloyd

C., and Cartland, George F.

The biological activity of

theelol, 597

—. See Gabtland and Mbyeb,
9

Michaelis, Leonor. See Gon-
DAED and Michaelis, 361

Miller, Lloyd C. See Meyee,
Millee, and Caktland, 597

Mirsky, I. Arthur. See Feeed,

Miesky, and Soskin, 143

Morgan, Vincent E. Studies on

myoglobin. I. The solubility

of myoglobin in concentrated

ammonium sulfate solutions,

557

N
Nelson, J. M. See Gbatjbae3>

and Nelson, 135

O

O’Brien, Helen. See Stadie and

O'Beien, 723

P

Padis, Kively E. See Shino-

haea and Palis, 697, 709

Pearson, Olof H. See Salter

and Pearson, 579

Perkins, Marie E. See Heller-
man and pEEiciNB, 175

Peterson, W. H. See Johnson
and Peterson, 25

R

Record, P. R. See Bethke,
Record, and Wilder, 231

Riegel, Byron, and du Vigneaud,

Vincent. The isolation of

homocysteine and its conver-

sion to a thiolactone, 149

Roberts, Richard G., Tweedy,
Wilbur R., and SmuUen,
George H. Some reactions of

ammonolyzed parathyroid hor-

mone, 209

Roe, Joseph H., and Hudson,
C. S. The utilization of d-

mannoheptulose (d-mannoke-

toheptose) by adult rabbits,

443

Rose, William C. See McCoy,
Meyer, and Rose, 283

—. See Womack and Ross, 275

S

Saifer, Abraham, and Elornblum,

Morris, Determination of

chlorides in biological fluids

by the use of adsorption indi-

cators. The use of dichloro-

fluorescein for the volumetric

microdetermination of chlo-

rides in cerebrospinal fluids

and blood serum, 117

Salisbury, L. F., and Anderson,

R. J. The chemistry of the

lipids of yeast. III. Lecithin

and cephalin, 541



790 Index

Salter, William T., and Pearson,

Olof H. The enzymic syn-

thesis from thyroid diiodotyro-

sme peptone of an artificial

protein which relieves myx-
edema, 579

Schaefer, Werner. See Chab-

GAFF and SCHAEFEE, 393

Sealock, Robert Ridgely. See

nn ViGNEAED, Sealock, and

Van Etten, 451

Sherman, H. C. See Bisbey

and Shebman, 415

Shillito, Frederick H., Bidwell,

Emily H,, and Turner, Ken-
neth B. The blood cholesterol

in the carotid artery, veme
cavse, and portal vein, 551

Shinohara, Kamenosuke. The
determination of thiol and di-

sulfide compounds, with spe-

cial reference to cysteine and

cystine. IV. A precision

method for the determination

of thiol compounds applied

to the standardization of cys-

teine hydrochloride, 671

—. V. A critical study of cys-

tine determination by sulfite

and phosplio-18-tungstic acid

reagent, 683

— and Padis, Kively E, The
determination of thiol and
disulfide compounds, with spe-

cial reference to cysteine and
cystine. VI. The reactions of

ascorbic acid and glutathione

with phospho-18-tungstic acid

reagent, 697

— and—. VII. Apphcation of

the modified phospho-18-tiing-

Stic acid method for the deter-

mination of cyntoinc, cyHiiue,

and ascorbic acid in urine, 709

Shock, Nathan W., and Hastings,

A. Baird. Studios of the aedd-

base balance of the blood. IV.

Characterization and interpre-

tation of displacement of the

acid-base balance, 230

Shore, Agnes, Wilson, Hilde-

garde, and Stueefc, George.

The amide nitrogen of oval-

bumin, 407

Smith, Margaret Cammack, and

Lantz, Edith M. The effect

of fluorine upon the phospha-

tase content of plasma, bones,

and teeth of albino rats, 303

SmuUen, George H. See lloB-

EBTs, Tweedy, and Smullen,

209

Soskin, Samuel. See Feeed,

Mibskt, and Soskin, 143

Spiebnan, M. A., and Anderson,

R. J. The chemistry of the

lipids of tubercle bacilli.

XLII. Studies on phthioic

acid, 759

j

Stadie, William C., and O^Brien,

I

Helen. The carbamate equilib-

rium. I. The equilibrium of

ammo acids, carbon dioxide,

and carbamates in aqueous

solution; with a note on the

Ferguson-Roughton carbamate

method, 723

Stare, F. J. A potentiometric

study of hepatoflavin, 223

Stern, Kurt G. The constitution

of the prosthetic group of

catalase, 661

Strayer, J. W. Sec Grimm and
Strateb, 511



Authors 791

Stueck^ George. See Shohe,

WriwHON, and STmucK, 407

T

Tendick, F. H. Soe Box, By-
WATiou, and Tendick, 425

Tidwell, Herbert C., and Holt, L.

Emmett, Jr. The estimation

(if tiie total lipids and the

lipid partition in feces, 605

Toennies, Gerrit, and Bennett,

Mary A. Determination of

the stereochemical purity of

/-(jysteine, 497
— and —, Some observations

on the isolation of cystine from

wool hydrolysates, 39

—
,

Lavine, Theodore F., and

Bennett, Mary A. The spe-

cilic rotation of Z-cystine in

relation to degree of neutraliza-

tion and pH, 493

Treadwell, Carleton R. See

Eckstein and Treadwell,
373

Turner, Kenneth B. See Shil-

LiTO, l^iDwisLL, and Turner,
651

Tweedy, Wilbur R. See Rob-
erts, Tweedy, and Smullbn,

209

V

Van Etten, Cecil. See du Vi-

ONEAUD, Sbalock, and Van
Etten, 451

du Vigneaud, Vincent, Sealock,

Robert Ridgely, ami Van Et-

ten, Cecil. The question of

the utilization of tryptophane

administered subcutaneously,

451

du Vigneaud, Vincent. See Rie-
GEL and DU Vigneaud, 149

W
Weil, Leopold, and Ely, J, Owen.

Investigations in enzymatic

histochemistry. I. Distribu-

tion of arginase activity in

rabbit kidney, 565

Weinstein, S. S., and Wynne,
A. M. Studies on pancreatic

lipase. I, 641

— and —• II. Influence of var-

ious compounds on the hy-

drolytic activity, 649

White, Abraham. The produc-

tion of a deficiency involving

cystine and methionine by the

administration of cholic acid,

503

Wilder, O. H. M. See Bethke,

Record, and Wilder, 231

WUkerson, Vernon A. The
chemistry of human epidermis.

II. The isoelectric points of

the stratum comeum, hair,

and nails as determined by
electrophoresis, 329

Wilson, Hildegarde. See Shore,

Wilson, and Stueck, 407

Wilson, William R., and Hansen,

Arild E. Study of the serum

lipids by a microgravimetric

technique, 457

Womack, Madelyn, and Rose,

William C. Feeding experi-

ments with mixtures of highly

purified amino acids. VII.

The dual nature of the “un-

known growth essential,
” 275



792 Index

Wynne, A. M. See Weinstein
and Wynne, 641, 649

Y

Yannet, Hetman, Darrow, Daniel

C., and Caiy, M. Katherine.

The effect of changes in the

concentration of plasma elec-

trolytes on the concentration

of electrolytes in the red blood

cells of dogs, monkeys, and
rabbits, 477



INDEX TO SUBJECTS

A
Acetic acids: Disubstituted, with

methyl group, 2-hydroxy

acids, configurational corre-

lation (Levbnb and Harris)

195

Methylphenyl- and methyl-

hexyl-, configurational rela-

tionship (Levbnb and Har-
ris) 195

Acetone bodies : Production,

phlorhiiiinized animal, hy-

drazine effect (Greenbero)
431

Acid-base equilibrium: Blood,

displacement (Shock and

Hastings) 239

Adenine: Nucleotide, blood,

hemoglobin relation (Buell)

523

Alanine: d-, fate (Butts, Dunn,
and Hallman) 263

dZ-, fate (Butts, Dunn, and
Hallman) 263

Albumin; Egg, crystalline, pep-

tic hydrolysis products, frac-

tionation (Calvery) 171

Ov-, amide nitrogen (Shore,

Wilson, and Stuegk) 407

Amide nitrogen : Ovalbumin

(Shore, Wilson, and

Stubck) 407

Amino acid(s); Carbamate and,

equilibrium (Stadie and

O'Brien) 723

Amino acid(s)

—

continued:

Creatine and creatinine excre-

tion, ingestion effect (Bo

danskt) 615

Derivatives, spectroscopy (Pe-

RAun, Dunn, and Kaplan)
323

Essential, new, isolation and
identification (McCoy,
Meyer, and Rose) 283

Feeding, purified (Womack
and Rose) 275

(McCoy, Meyer, and Rose)

283

Metabolism (Butts, Dunn,
and Hallman) 263

Multivalent (Grebnstein)

35, 517

Spectroscopy (Feraud, Dunn,
and Kaplan) 323

«-Amino - - hydroxy - n-butyric

acids: Synthesis (Carter)

769

Apparatus : Colloid osmotic pres-

sure, microdetermination

(Dubach and Hill) 313

Hygrometer, chemical (Car-

penter) 123

Rehberg burette, modified, ti-

tration, mercury-reacting

solutions (Longwbll and

Hill) 319

Arginase : Activation, metal ions,

r61e (Hellerman and Per-

kins) 175



794 Index

Arginase

—

continued:

Kidney, activity, distribution

(Weil and Elt) 565

Arginine; Hydrolysis, metal ions

and urease, effect (Heller-

man and Perkins) 175

Ascorbic acid: Oxidation, copper

and hemocbromogens as

catalysts (Barron, De-
Meio, and Klemperer)

625

—
,
mechanism (Barron, De-

Mbio, and Klemperer)
625

Phospho-lS-tungstic acid, re-

action (Shinohara and

Pams) 697

Urine, determination, phospho-

18-tungstio acid (Shinohara

and Pams) 709

Aspergillus parasiticus: Pepti-

dase system (Johnson and

Peterson) 25

B

Bacillus Calmette-Gu6rin: Poly-

saccharide, specific (Char-

GAFP and Schaefer) 393

Bixin: Solutions, carotene deter-

mination, use (Holmes and

Bromund) 437

Blood: Acid-base equilibrium,

displacement (Shock and
Hastings) 239

Lipids, depancreatized dogs

with insulin, pancreas inges-

tion effect (Chaikopp and

Kaplan) 155

Magnesium deprivation with

calcium deficiency, effect

(Dat, Kruse, and McCol-
lum) 337

Blood

—

continued:

Undiluted, spectrophotometric

technique (Drabkin and

Austin) 105

Blood cell: Bed, electrolytes,

blood plasma electrolytes,

relation (Yannet, Darrow,
and Cary) 477

Blood plasma: Electrolytes,

blood cells, red, electrolytes,

relation (Yannet, Darrow,
and Cart) 477

Blood serum: Lipids (Wilson

and Hansen) 457

Bone: Phosphatase, fluorine ef-

fect (Smith and Lantz)

303

Butter fat: Monohydroxypal-

mitic acid (Bosworth and

Helz) 489

Butyric acids: a-Amino-i3-hy-

droxy-?i-, synthesis (Car-

ter) 769

C

Calcium: Blood serum, ingested

calcium effect (Freeman,

Kant, and Ivy) 1

Deficiency with magnesium
deprivation, blood and body
effect (Day, Kruse, and
McCollum) 337

Carbamate: Amino acids and,

equilibrium (Stadie and
O’Brien) 723

Carbon dioxide and, equilib-

rium (Stadie and O’Brien)

723

Determination, Ferguson-

Roughton method (Stadie

and O’Brien) 723



Subjects 796

Carbon dioxide: Carbamate and,

equilibrium (Stadib and

O^Beibn) 723

Carotene: Determination, bixin

solutions, use (Holmes and

Bromund) 437

Catalase : Prosthetic group

(Stern) 361

Cephalin: Yeast (Salisbury and

Anderson) 641

Cerebrospinal fluid: Chlorides,

microdetermination, dichlo-

rofluorescein (Saipbb and

Koenblum) 117

Chlorides: Blood serum, micro-

determination, dichlorofluo-

rescein (Saipee and Korn-

blum) 117

Cerebrospinal fluid, microdc-

termination, dichlorofluo-

rescem (Saipbr and Koen-

blum) 11^
I

Cholesterol: Blood, various

blood vessels (Shillito, Bid-

well, and Turner) 651

Cholic acid: Cystine and methio-

nine deficiency relation

(White) 603

Colloid; Osmotic pressure, mi-

cxodetermination, apparatus

(Dubach and Hill) 313

Copper: Ascorbic acid oxidation

catalyst (Baeron, DbMbio,

and Klemperer) 626

Creatine: Excretion, amino acids

ingestion effect (Bodansky)
615

Cysteine

—

continv̂ d:

Homo-, isolation (Riegel and

DU Vigneaud) 149

—
,
thiolactone conversion

from (Riegel and du Vi-

gnbaud) 149

Z-, purity, stereochemical

(Toennies and Bennett)
497

Urine, determination, phospho-

18-tiingstio acid (Shinohaea

and Padis) 709

Cysteine hydrochloride: Stand-

ardization (Shinohara)
671

Cystine: Deficiency, cholic acid

administration relation

(White) ^33

Determination (Shinohara)

671

(Shinohara and Padis)

697

—
,
phospho-18-tungstic acid

and sulfite (Shinohara)
683

l~y specific rotation (Toennies,

Lavine, and Bennett)
493

Urine, determination, phospho-

18-tungstic acid (Shinohara

and Padis) 709

Wool hydrolysates, isolation

(Toennies and Bennett)
39

' Cystine cyamidene: (Geeen-

stein) 35

Creatinine: Excretion, ammo

acids ingestion effect (Bo-

dansky) 615

Cysteine: Determination (Shin-

ohaea) 671, 683

(Shinohara and Padis)

697

Dichlorofluorescein : Cerebro-

spinal fluid and blood serum

chlorides, microdetermina-

tion (Saipee and Koen-

blum) 11"^



796 Index

Diiodotyrosine: Peptone, myx-

edema-relieving artificial pro-

tein, relation (Salteb and

Pbaeson) 579

Disulfide compounds: Determi-

nation (Shinohara)

671, 683

(Shinohaba and Padis)

697, 709

E

Egg: Albumin, crystalline, peptic

hydrolysis products, frac-

tionation (Calvert) 171

Electrolytes: Blood plasma and

blood cells, red, relation

(Yannet, Darrow, and

Cart) 477

Enzyme (s): Activation (Hbl-

LBRMAN and Perkins) 175

Histochemistry (Weil and

Elt) 565

Proteolytic, synthetic sub-

strates, action (Grebnstein)

517

See also Arginase, Catalase,

Lipase, Pepsin, Peptidase,

Phosphatase, Tyrosinase,

Urease

Epidermis: Stratum corneum,

isoelectric point (Wilker-
son) 329

Equilin: Urine, pregnancy, prep-

aration (Cartland and
Meyer) 9

Estrogenic substance; Urine, ex-

traction, tungstic acid pre-

cipitation method (Freed,

Mirkst, and Soskin) 143

F

Fat: Sterol metabolism, inges-

tion effect (Eckstein and

Treadwell) 373

Fatty acids : Glycogen formation,

relation (Dbttbl, Butts,

Hallman, and (Sutler)

15

Feces: Lipids, determination

and partition (Tidwell and

Holt) 605

Ferrocyanide: Muscle, microde-

termination (Edwards and

Langley) 469

Urine, microdetermination

(Edwards and Langley)
469

Flavin; Hepato-, potentiometry

(Stare) 223

Lacto-, extraction and stability

(Bisbey and Sherman)
415

Fluorescein: Dichloro-, cerebro-

spinal fluid and blood serum

chlorides, microdetermina-

tion (Saiber and Kobn-
blum) 117

Fluorine: Blood plasma phos-

phatase, effect (Smith and
Lantz) 303

Bone phosphatase, effect (Smith

and Lantz) 303

Tooth phosphatase, effect

(Smith and Lantz) 303

G
Glutathione : Phospho-18-tungs-

tic acid, reaction (Shino-

HARA and Padis) 697

Glycine: Fate (Butts, Dunn,
and Hallman) 263



Subjects 797

Glycogen: Formation, fatty

acids, relation (Dettel,

Btttts, Hallman, and Cut-
ler) 15

Gonadotropic hormone: Pitui-

tary, chemistry (Maxwell
and Bischoee) 215

Growth: Essential, unknown, na-

ture (Womack and Ross)

275

H
Hair: Isoelectric point (Wilker-

son) 329

Hemocbromogens: Ascorbic acid

oxidation catalyst (Barron,

DbMeio, and Klemperer)
625

Spectrophotometry (Drabkin
and Austin) 89

Hemoglobin: Blood adenine nu-

cleotide, relation (Buell)

523

Nitric oxide, spectrophotome-

try (Drabkin and Austin)

51

Solution, concentrated, spec-

trophotometric technique

(Drabkin and Austin)

105

Hepatoflavin : Potentiometry

(Stare) 223

Homocysteine: Isolation (Rib-

gel and DU Vigneaud) 149

Thiolactone conversion from
(Rjegel and du Vigneaud)

149

Hydrazine: Acetone bodies pro-

duction, phlorhizinized ani-

mal (Greenberg) 431

Hydroxy acids: 2-, acetic acids,

disubstituted, configura-

tional correlation (Levbnb
and Harris) 195

Hygrometer: Chemical (Car-

penter) 123

I

Insulin: Blood lipids, depan-

creatized dogs, pancreas in-

gestion and, effect (Chai-

KOFF and Kaplan) 155

K
Keratin: Derivatives (Goddard

and Michaelis) 361

Ketosis: (Deuel, Butts, Hall-
man, and Cutler) 15

Kidney: Arginase activity dis-

tribution (Weil and Ely)

565

L

Lactoflavin; Extraction and sta-

bility (Bibbby and Sher-

man) 415

Lecithin: Yeast (Salisbury and
Anderson) 541

Lipase: Pancreas (Weinstein
and Wynne) 641

—
,
activity, factors influencing

(Weinstein and Wynne)
649

Lipids: Blood, depancreatized

dogs with insulin, pancreas

ingestion effect (Chaikopp
and Kaplan) 155

— serum (Wilson and Han-
sen) 457

Feces, determination and par-

tition (Tidwell and Holt)
605



798 Index

Lipids

—

continued:

Ovary, pregnancy, relation

(Boyd) 591

Tubercle bacillus, chemistry

(Spielman and Andebson)
759

Yeast, chemistry (Salisbury

and Anderson) 541

M
Magnesium: Deprivation with

calcium deficiency, blood

and body effect (Day,

Kruse, and McCollum)
337

Mannoheptulose: d-, utilization

(Rob and Hudson) 443

Mannoketoheptose : d-, utiliza-

tion (Roe and Hudson)
443

Marsh dodder; Plastid pigments

(Mackinney) 421

Mendel, Lafayette Benedict:

Obituary, precedmg p 431

Mercury: -Reacting titrating so-

lution, Rehberg burette,

modified, use with (Long-

well and Hill) 319

Metabolism : Amino acid

(Butts, Dunn, and Hall-
man) 263

Metal ions: Arginase activation,

r61e (Hellbrman and Per-
kins) 175

Arginine hydrolysis, urease

and, effect (Hellerman and

Perkins) 176

Methemoglobin: Spectropho-

tometry (Austin and Drab-
kin) 67

Methionine: Deficiency, cholic

acid administration relation

(White) 503

Methylhexylacetic acid: Methyl-

phenylacetic acid, configura-

tional relationship (Lbvene

and Harris) 195

Methylose : d-Xylo-, chemical

constitution (Levenb and

Compton) 775

Methylphenylacetic acid: Meth-

ylhesylacetic acid, con-

figurational relationship (Le-

venb and Harris) 195

Monkey: Blood plasma and

blood cells, red, electrolytes,

relation (Yannet, Darrow,
and Cary) 477

Monohydroxypahnitic acid: But-

ter fat (Boswobth and

Helz) 489

Muscle : Perrocyanide, micro-

determmation (Edwards
and Langley) 469

Myoglobin: Solubility, ammo-
nium sulfate solutions (Mor-
gan) 557

Myxedema: Artificial protein,

relieving, thyroid diiodoty-

rosine peptone (Salter and
Pearson) 579

N
Nails: Isoelectric point (Wil-

kerson) 329

Nerve: Invertebrate, phosphorus

metabolism (Engel and
Gerard) 379

Nitric oxide hemoglobin: Spec-

trophotometry (Dbabkin
and Austin) 51

Nitrogen: Amide, See Amide
nitrogen

Nucleotide: Adenine, blood,

hemoglobin relation (Buell)

523



Subjects 799

o
Obituary; Mendel, Lafayette

Benedict, preceding p 431

Osmotic pressure: Colloid, mi-

crodetermination, apparatus

(Dubach and Hill) 313

Ovalbumin: Amide nitrogen

(Shore, Wilson, and
Stueck) 407

Ovary: Lipid, pregnancy, rela-

tion (Boyb) 691

Oxidation: j8, quantitative

(Deuel, Butts, Hallman,
and Cutler) 15

Biological (Barron, DeMeio,
and Klemperer) 625

P
Palmitic acid: Monohydroxy-,

butter fat (Bosworth and
Helz) 489

Pancreas: Blood lipids, depan-

creatized dogs with insulin,

ingestion effect (Chaieopp

and Kaplan) 165

Lipase (Weinstein and
Wynne) 641

— activity, factors influencing

(Weinstein and Wynne)
649

Pancreatectomy: Blood lipids,

pancreas ingestion and insu-

lin effect (Chaikopp and

Kaplan) 155

Parathyroid: Hormone, ammo-
nolyzed, reactions (Roberts,

Tweedy, and Smullen)
209

Pectic substances: Wood, isola-

tion (Anderson) 531

Pepsin; Egg albumin, crystalline,

hydrolysis products, frac-

tionation (Calvery) 171

Peptidase: System, Aspergillus

parasiticus (Johnson and

Peterson) 25

Peptides: Multivalent (Green-

stein) 35, 517

Phenylalanine: dZ-, ultra-violet

absorption spectrum (Pe-

BAUD, Dunn, and EIaplan)

323

Phlorhizin: Acetone bodies pro-

duction, hydrazine effect

(Greenberg) 431

Phosphatase : Blood plasma

,

fluorine effect (Smith and

Lantz) 303

— serum, vitamins D and A
effect (Crimm and Strayer)

511

Bone, fluorine effect (Smith

and Lantz) 303

Tissues, vitamins D and A
effect (Grimm and Strayer)

611

Tooth, fluorine effect (Smith

and Lantz) 303

Phosphorus: Metabolism, nerve,

invertebrate (Engel and
Gerard) 379

Phospho-18-tungstic acid : As-

corbic acid, reaction (Shino-

hara and Paris) 697

Cystine determination (Shino-

hara) 683

Glutathione, reaction (Shino-

hara and Padis) 697

Urine cysteine, cystine, and
ascorbic acid, determination

(Shinohara and Padis)

709

Phthioic acid: Tubercle bacillus

(Spiblman and Anderson)
769



800 Index

Pigment: Plastid, marsh dodder

(Mackinnby) 421

Pituitary: Gonadotropic hor-

mone, chemistry (Maxwell
and Bischoff) 215

Plastid: Pigment, marsh dodder

(Mackinnet) 421

Pneumococcus: Type I, specific

precipitate (Calveey) 167

Polysaccharide; Specific, bacil-

lus Calmette-Gu6rin (Chab-

GAFp and Schaefer) 393

Pregnancy: Ovary lipid, relation

(Born) 591

Urine, equilin preparation

(Cartland and Meyer) 9

Protein : Myxedema-relieving,

artificial, from diiodotyrosine

peptone (Salter and Pear-
son) 579

Proteolysis; Enzymes, synthetic

substrates, action (Green-

stein) 517

Provitamin: D, plant and animal

(BiiTlHKE, Record, and Wil-
der) 231

S

Skin: See also Epidermis

Sterol : Metabolism, fat ingestion

effect (Eckstein and Tread-
well) 373

Stratum corneum: Isoelectric

point (Wilkerson) 329

Sulfhemoglobin: Spectrophotom-

etry (Drabkin and Aus-
tin) 51

Sulfite: Cystine determination

(Shinohara) 683

T

Theelin: By-product, crystalline

(Dox, Bywatbr, and Ten-

dick) 425

Theelol: Biological activity

(Meyer, Miller, and Cart-

land) 597

By-product, crystalline (Dox,

Bywatbr, and Tendick)

425

Thiol compounds: Determina-

tion (Shinohara) 671, 683

(Shinohara and Padis)

697, 709

Thiolactone: Homocysteine, con-

version relation (Riegel and

DU Vignbaud) 149

Thyroid: Diiodotyrosine pep-

tone, myxedema-relieving

artificial protein, relation

(Salter and Pearson) 579

Tooth; Phosphatase, fluorine ef-

fect (Smith and Lantz)

303

Tryptophane: Z-, ultra-violet ab-

sorption spectrum (Fbraud,

Dunn, and Kaplan) 323

Utilization, subcutaneous in-

jection effect (du Vignbaud,

Sbalock, and Van Ettbn)

451

Tubercle bacillus; Phthioic acid

(Spielman and Anderson)

759

Tyrosinase : Determination

(Graubard and Nelson)
135

Tyrosine: Diiodo-, peptone,

myxedema-relieving arti-

ficial protein, relation (Sal-

ter and Pearson) 579



Subjects 801

Tyrosine

—

cmUnued:

Z-, ultra-violet absorption spec-

trum (Feraud, Dunn, and
Kaplan) 323

U

Urease: Arginine hydrolysis,

metal ions and, effect (Hel-

LERMAN and Perkins) 175

Urine: Estrogenic substance ex-

traction, tungstic acid pre-

cipitation method (Freed,

Mirskt, and Soskin) 143

Pregnancy, equilin preparation

(Cartland and Meter) 9

V,

Vitamin(s): A, blood serum and
tissue phosphatase, effect

(Crimm and Strayer) 511

Bi, extraction and stability

(Bisbey and Sherman)
415

Vitamin (s)

—

continued:

D, blood serum and tissue

phosphatase, effect (Crimm
and Strayer) 511

Pro-, D, plant and animal

(Bethke, Record, and

Wilder) 231

W
Wood: Pectic substances, isola-

tion (Anderson) 531

Wool: Hydrolysates, cystine iso-

lation (Toennibs and Ben-
nett) 39

X
Xylomethylose: d-, chemical con-

stitution (Levene and

Compton) 775

Y
Yeast: Cephalin (Salisbury and

Anderson) 541

Lecithin (Salisbury and An-
derson) 541





Res^«CH

PUSA


